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(57) ABSTRACT

A battery cell, a battery, an electric apparatus, and a manu-
facturing method and manufacturing device of battery cell
are described. The battery cell includes: an electrode assem-
bly; a casing having an accommodating cavity for accom-
modating the electrode assembly; an exhaust mechanism
provided on the casing, the exhaust mechanism including a
connecting component and a breathable component, and the
breathable component is configured to discharge gas to
outside of the casing when gas pressure inside the casing
reaches a threshold; and an electrolyte, filled in the casing;
where gas permeability A of the breathable component,
conductivity S of the electrolyte, and gas containment space
V satisfy 20 mm**ms/cm*ml<AS/V<165 mm**ms/cm*ml,
and the gas containment space V is a ratio of a remaining
value of volume of the accommodating cavity minus volume
of the electrolyte and volume of the electrode assembly to
capacity of the electrode assembly.
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Provide a housing, the housing having an accommodating cavity and |— S100
an opening communicating with the accommodating cavity

Provide an electrode assembly and load the electrode assembly into the [ — S200
accommodating cavity of the housing

Provide a cover assembly and seal the opening with the cover L — S300
assembly

. . —— S400
Inject electrolyte into the accommodating cavity
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BATTERY CELL, BATTERY, ELECTRIC
APPARATUS, AND MANUFACTURING
METHOD AND DEVICE OF BATTERY CELL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of International
Patent Application No. PCT/CN2021/138931, filed on Dec.
16, 2021, which is incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of battery
technologies and specifically to a battery cell, a battery, an
electric apparatus, and a manufacturing method and manu-
facturing device of battery cell.

BACKGROUND

[0003] Batteries are widely used in electronic devices,
such as mobile phones, laptops, electric bicycles, electric
cars, electric airplanes, electric boats, electric toy cars,
electric toy boats, electric toy airplanes, and electric tools.
[0004] In the development of battery technologies, in
addition to improving the performance of battery cells, how
to increase the charging speed of batteries and balance life
of batteries is also a problem that needs to be considered and
urgently solved.

SUMMARY

[0005] Embodiments of this application provide a battery
cell, a battery, an electric apparatus, and a manufacturing
method and manufacturing device of battery cell, which can
improve the charging speed of battery cells while ensuring
the service life of battery cells.

[0006] According to a first aspect, an embodiment of this
application provides a battery cell, including: an electrode
assembly; a casing, having an accommodating cavity for
accommodating the electrode assembly; an exhaust mecha-
nism disposed on the casing, the exhaust mechanism includ-
ing a connecting component and a breathable component,
where the connecting component is configured to connect
the casing, and the breathable component is configured to
discharge gas to outside of the casing when gas pressure
inside the casing reaches a threshold; and an electrolyte
filled in the casing; where gas permeability A of the breath-
able component, conductivity S of the electrolyte, and gas
containment space V satisfy 20 mm**ms/cm*ml<AS/
V<165 mm>*ms/cm*ml, where the gas containment space V
is a ratio of a remaining value of volume of the accommo-
dating cavity minus volume of the electrolyte and volume of
the electrode assembly to capacity of the electrode assembly.
[0007] In the above technical solution, the battery cell
provided by the embodiments of this application includes a
casing, an exhaust mechanism, and an electrolyte. By pro-
viding the exhaust mechanism, when the gas pressure inside
the casing reaches the threshold, the gas is discharged to the
outside of the casing, and the gas permeability A of the
breathable component, the conductivity S of the electrolyte,
and the gas containment space V are specified to satisfy 20
mm>*ms/cm*ml<AS/V<165 mm>**ms/cm*ml, where the
gas containment space V is the ratio of the remaining value
of the volume of the accommodating cavity minus the
volume of the electrolyte and the volume of the electrode
assembly to the capacity of the electrode assembly. Com-
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pared with existing battery cells, the conductivity of the
electrolyte is increased, enabling rapid ion migration and
enhancing the overall charging capability of the cell, while
balancing the timely discharge of gas generated during the
fast charging process through the breathable component of
the exhaust mechanism, improving safety performance.

[0008] In some embodiments, the gas permeability A of
the breathable component, the conductivity S of the elec-
trolyte, and the gas containment space V satisfy: 30
mm**ms/cm*ml<AS/V<90 mm>*ms/cm*ml.

[0009] By making the gas permeability A of the breathable
component, the conductivity S of the electrolyte, and the gas
containment space V satisfy 30 mm**ms/cm*ml<AS/V<90
mm?*ms/cm*ml, the relationship among the gas permeabil-
ity A of the breathable component, the conductivity S of the
electrolyte, and the gas containment space V can be further
balanced, that is, high charging capability can be ensured
while the service life of the battery cell can be extended as
much as possible.

[0010] In some embodiments, the gas permeability A of
the breathable component is greater than or equal to 0.15
mm?/Ah and less than or equal to 1.5 mm?®/Ah.

[0011] Ifthe gas permeability A of the breathable compo-
nent is too small, such as less than 0.15 mm?/Ah, the
ventilating capability of the breathable component may be
insufficient, and the gas generated inside the battery cell will
not be discharged in time. If the gas permeability A of the
breathable component is too large, such as greater than 1.5
mm?/Ah, the stress on the breathable component increases,
making the breathable component susceptible to gas break-
through and failure, and accelerating the decay of battery
cell life. In the battery cell provided by the embodiments of
this application, by making the gas permeability A of the
breathable component greater than or equal to 0.15 mm?*/Ah
and less than or equal to 1.5 mm?*/Ah, not only the venti-
lating capacity of the breathable component can be ensured,
but also the risk of breakthrough of the breathable compo-
nent due to excessive stress can be avoided.

[0012] In some embodiments, the gas permeability A of
the breathable component is greater than or equal to 0.45
mm?*/Ah and less than or equal to 0.9 mm?*/Ah.

[0013] With the above configuration, the ventilating area
of'the breathable component is moderate, better ensuring the
ventilating capacity, and reducing the risk of breakthrough
due to excessive stress on the breathable component.

[0014] In some embodiments, the conductivity S of the
electrolyte is greater than or equal to 8.5 ms/cm and less than
or equal to 11 ms/cm.

[0015] The greater the conductivity S of the electrolyte,
such as greater than 11 ms/cm, the greater the ratio of the
electrolyte conductivity to the gas containment space, reach-
ing the design limit of the battery cell, and ultra-high
conductivity may lead to increased side reactions and higher
costs. If the conductivity S of the electrolyte is smaller, the
ratio of the electrolyte conductivity to the gas containment
space is smaller, such as less than 8.5 ms/cm, and there is a
risk of not being able to achieve high charging capability and
high energy density in the battery cell. Therefore, the battery
cell provided by the embodiments of this application, with
the conductivity S of the electrolyte selected within the
above range, can enhance the charging capability of the
battery cell and reduce the probability of increased side
reactions and higher costs.
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[0016] In some embodiments, the conductivity S of the
electrolyte is greater than or equal to 9 ms/cm and less than
or equal to 10 ms/cm.

[0017] With the above configuration, high-conductivity
fast-charging electrolyte is used to further enhance the
charging capability of the battery cell and balances side
reactions and costs.

[0018] In some embodiments, the gas containment space
V is greater than or equal to 0.1 ml/Ah and less than or equal
to 0.4 ml/Ah.

[0019] The smaller the gas containment space V, such as
less than 0.1 ml/Ah, the greater the ratio of the electrolyte
conductivity to the gas containment space, reaching the
design limit of the battery cell, and ultra-high conductivity
may lead to increased side reactions and higher costs. If the
gas containment space V is larger, such as greater than 0.4
ml/Ah, the ratio of the electrolyte conductivity to the gas
containment space is smaller, and there is a risk of not being
able to achieve high charging capability and high energy
density in the battery cell. The battery cell provided by the
embodiments of this application, with the gas containment
space V selected within the above range, can ensure high
charging capability and reduce the risk of increased side
reactions and higher costs.

[0020] In some embodiments, the gas containment space
V is greater than or equal to 0.2 ml/Ah and less than or equal
to 0.35 ml/Ah.

[0021] With the above configuration, the risk of increased
side reactions and higher costs in the battery cell can be
further reduced, while ensuring charging capability.

[0022] In some embodiments, the conductivity S of the
electrolyte and the gas containment space V further satisfy:
20 ms/ml<S/V<110 ms/ml.

[0023] By making the ratio of the conductivity S of the
electrolyte and the gas containment space V moderate, not
only high charging capability can be satisfied, but also the
probability of side reactions occurring can be reduced.
[0024] In some embodiments, the connecting component
is provided with a plurality of first through holes, with a
connecting portion being formed between two adjacent first
through holes. The breathable component covers the plural-
ity of first through holes, and the connecting portion is
configured to attach to the breathable component to limit
deformation of the breathable component. The breathable
component is configured to discharge gas through the plu-
rality of first through holes to the outside of the casing when
the gas pressure inside the battery cell reaches the threshold.
[0025] With the above configuration, the connecting com-
ponent is provided with a plurality of first through holes, and
the breathable component covers the plurality of first
through holes. When the gas pressure inside the battery cell
reaches the threshold, the gas is discharged through the
breathable component and the plurality of first through holes
to the outside of the battery cell to achieve the purpose of
discharging the gas inside the battery cell. Since the con-
necting component includes a connecting portion formed
between adjacent first through holes, the connecting portion
can be attached to the breathable component. When the gas
inside the battery cell acts on the breathable component
during the process of discharging through the breathable
component to the outside of the battery cell, the connecting
portion can provide the breathable component with a coun-
teracting force against the internal pressure of the battery
cell, reducing the deformation of the breathable component,
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improving the overall pressure resistance of the exhaust
mechanism 24, and thereby enhancing the safety of the
battery cell.

[0026] Insomeembodiments, the breathable component is
disposed on a side of the connecting component facing the
electrode assembly, and the connecting portion is configured
to provide support force to the breathable component when
the breathable component deforms towards the outside of
the battery cell.

[0027] The breathable component is disposed on the side
of the connecting component facing the inside of the battery
cell. During an exhaust process, the connecting component
can provide support force to the breathable component,
ensuring sufficient exhaust area while avoiding excessive
internal pressure in the battery cell leading to deformation or
displacement of the breathable component, ensuring the
integrity of the breathable component, and improving safety.
Additionally, having the breathable component disposed on
the side of the connecting component facing the inside of the
battery cell can increase the utilization of external space of
the end cover, facilitating inkjet printing or implementing
more functions.

[0028] In some embodiments, the casing and the exhaust
mechanism are provided separately, and the exhaust mecha-
nism is connected to the casing through the connecting
component.

[0029] Providing the casing and the exhaust mechanism
separately allows for them to be two independent compo-
nents before assembly, produced separately. When
assembled together, the exhaust mechanism is connected to
the casing through the connecting component.

[0030] In some embodiments, the casing is provided with
a first recess, the first recess being configured to accommo-
date at least part of the exhaust mechanism.

[0031] By providing a first recess in the casing and accom-
modating at least part of the exhaust mechanism within the
first recess, the overall occupied space of the exhaust mecha-
nism can be reduced. Moreover, the provision of the first
recess can help position the installation of the exhaust
mechanism, reducing the assembly difficulty between the
exhaust mechanism and the casing.

[0032] In some embodiments, the connecting component
includes a main body region and an exhaust region. The
main body region is configured to connect the casing, and
the exhaust region includes the connecting portion and the
plurality of first through holes. One part of the breathable
component is attached to the main body region, and another
part thereof is attached to the connecting portion of the
exhaust region. The casing is provided with a shielding
portion and a second through hole at the bottom of the first
recess. The shielding portion is configured to shield at least
part of the exhaust region, and the second through hole is
configured to communicate with a space defined by the first
recess.

[0033] By defining the connecting component to include a
main body region and an exhaust region, the main body
region can be connected to the casing, ensuring the connec-
tion strength between the connecting component and the
casing. The exhaust region can discharge gas inside the
battery cell, ensuring the safety performance of the battery
cell. Since one part of the breathable component is attached
to the main body region and another part thereof is attached
to the exhaust region, the breathable component is not only
attached to the connecting portion but also to the main body
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region, ensuring the attachment strength between the breath-
able component and the connecting component, reducing the
risk of separation between them. The shielding portion is
configured to shield at least part of the exhaust region,
preventing at least some foreign matter from entering mul-
tiple first through holes, thus avoiding any impact on the
breathable component and ensuring its performance. The
second through hole is configured to communicate with the
space defined by the first recess, allowing the gas inside the
battery cell to be discharged, ensuring the safety of the
battery cell.

[0034] In some embodiments, the shielding portion is
provided with a second recess, which recedes from the
bottom surface of the first recess in a direction leaving the
breathable component. A clearance space is formed between
the bottom surface of the second recess and the exhaust
mechanism to allow clearance for the exhaust region.

[0035] By providing the second recess in the shielding
portion and forming a clearance space between the bottom
surface of the second recess and the exhaust mechanism,
when the orthographic projection of at least part of the first
through holes in the axial direction is covered by the
shielding portion, contact between the shielding portion and
the exhaust region of the connecting component can be
avoided, preventing the shielding portion from sealing the
covered first through holes and ensuring the exhaust needs
of the battery cell inside, improving the safety performance
of the battery cell.

[0036] In some embodiments, the first recess recedes from
the inner surface of the casing in a direction leaving the
electrode assembly, the shielding portion is located on a side
of the exhaust mechanism facing away from the electrode
assembly, and the second through hole is configured to
communicate the external space of the battery cell with the
first recess.

[0037] In the above technical solution, the first recess
recedes from the inner surface of the casing in the direction
leaving the inside of the battery cell, the shielding portion is
located on the side of the exhaust mechanism facing away
from the inside of the battery cell, and the second through
hole is configured to communicate the external space of the
battery cell with the first recess, allowing the gas inside the
battery cell to pass through the breathable mechanism and
successively pass through the second through hole and the
first through hole and be discharged. The position of the
shielding portion can effectively block external foreign
matter from entering the first through hole, reducing the risk
of damage to the breathable component.

[0038] In some embodiments, the casing includes a hous-
ing and a cover assembly. The housing has an opening, the
cover assembly closes the opening, and one of the housing
and the cover assembly is provided with the exhaust mecha-
nism.

[0039] According to a second aspect, embodiments of this
application provide a battery, the battery including the
aforementioned battery cell.

[0040] According to a third aspect, embodiments of this
application provide an electric apparatus, the electric appa-
ratus including the aforementioned battery for providing
electrical energy.

[0041] According to a fourth aspect, embodiments of this
application provide a manufacturing method of battery cell,
including:
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[0042] providing a housing, the housing having an
accommodating cavity and an opening communicating
with the accommodating cavity;

[0043] providing an electrode assembly and loading the
electrode assembly into the accommodating cavity of
the housing;

[0044] providing a cover assembly and sealing the
opening with the cover assembly, where the cover
assembly and the housing together form a casing, the
casing is provided with an exhaust mechanism, the
exhaust mechanism includes a connecting component
and a breathable component, the connecting component
is configured to connect the casing, and the breathable
component is configured to discharge gas to outside of
the casing when gas pressure inside the casing reaches
a threshold; and

[0045] injecting electrolyte into the accommodating
cavity so that gas permeability A of the breathable
component, conductivity S of the electrolyte, and gas
containment space V satisfy 20 mm>*ms/(cm*ml)<AS/
V<165 mm**ms/(cm*ml), where the gas containment
space V is equal to a ratio of a remaining value of
volume of the accommodating cavity minus volume of
the electrolyte and volume of the electrode assembly to
capacity of the electrode assembly.

[0046] According to a fifth aspect, embodiments of this
application provide a manufacturing device of battery cell,
including:

[0047] afirst assembly apparatus, configured to provide
a housing, the housing having an accommodating cav-
ity and an opening communicating with the accommo-
dating cavity;

[0048] a second assembly apparatus, configured to pro-
vide an electrode assembly and load the electrode
assembly into the accommodating cavity of the hous-
ng;

[0049] a third assembly apparatus, configured to pro-
vide a cover assembly and sealing the opening with the
cover assembly, where the cover assembly and the
housing together form a casing, the casing is provided
with an exhaust mechanism, the exhaust mechanism
includes a connecting component and a breathable
component, the connecting component is configured to
connect the casing, and the breathable component is
configured to discharge gas to outside of the casing
when gas pressure inside the casing reaches a thresh-
old; and

[0050] an injection apparatus, configured to inject elec-
trolyte into the casing so that gas permeability A of the
breathable component, conductivity S of the electro-
lyte, and gas containment space V satisfy 20 mm>*ms/
(cm*ml)<AS/V<165 mm>*ms/(cm*ml), where the gas
containment space V is equal to a ratio of a remaining
value of volume of the accommodating cavity minus
volume of the electrolyte and volume of the electrode
assembly to capacity of the electrode assembly.

[0051] The above description is only an overview of the
technical solutions of this application. For better understand-
ing of the technical means of this application so that it can
be implemented according to the contents of the specifica-
tion, and to make the above and other objects, features, and
advantages of this application more apparent and easy to
understand, the following specific embodiments of this
application are provided.
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BRIEF DESCRIPTION OF DRAWINGS

[0052] In order to more clearly illustrate the technical

solutions of the embodiments of this application, the draw-

ings needed for the embodiments of this application will be

briefly introduced below. It is obvious that the drawings

described below are only some embodiments of this appli-

cation, and for those skilled in the art, other drawings can

also be obtained based on the drawings without creative

effort.

[0053] FIG. 1 is a schematic structural diagram of a

vehicle according to some embodiments of this application;

[0054] FIG. 2 is an exploded view of a battery according

to some embodiments of this application;

[0055] FIG. 3 is a schematic diagram of a disassembled

structure of a battery cell according to some embodiments of

this application;

[0056] FIG. 4 is a top view of a battery cell in some

embodiments of this application;

[0057] FIG. 5 is a partial cross-sectional view taken along

direction A-A in FIG. 4;

[0058] FIG. 6 is an enlarged view of position B in FIG. 5;

[0059] FIG. 7 is a schematic diagram illustrating matching

between an exhaust mechanism and a casing;

[0060] FIG. 8 is a performance analysis table of examples

of the battery cell according to this application and com-

parative examples;

[0061] FIG. 9 is a flowchart of a manufacturing method of

battery cell in some embodiments of this application; and

[0062] FIG. 10 is a schematic block diagram of manufac-

turing device of battery cell in some embodiments of this

application.

[0063] Reference signs in the specific embodiments are as

follows:
[0064] 1000—vehicle;

[0065] 100—Dbattery; 200 —; 300—motor;

[0066] 10—box; 11—first portion; 12—second portion;
13—accommodating space;

[0067] 20—Dbattery cell;

[0068] 21——cover assembly; 21a——electrode terminal;
21b——cover plate; 211—first recess; 212—shielding
portion; 213—second through hole; 214—second

recess;
[0069] 22— housing;

[0070] 23—electrode assembly;

[0071] 24—exhaust mechanism; 241—connecting

component; 2411—Afirst through hole; 2412—connect-
ing portion; 241e—main body region; 2415—exhaust
region; 242—breathable component;

[0072] 25—electrolyte;
[0073] 26—insulating plate;
[0074] 2000—device; 2100—first assembly apparatus;

2200—second assembly apparatus; 2300—third
assembly apparatus; 2400—injection apparatus;
[0075] X-—axial direction.
[0076] In the drawings, the same components are marked
with the same reference signs. The drawings are not drawn
to actual scale.

DETAILED DESCRIPTION

[0077] To make the objectives, technical solutions, and
advantages of the embodiments of this application clearer,
the following clearly describes the technical solutions in the
embodiments of this application with reference to the
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accompanying drawings in the embodiments of this appli-
cation. Apparently, the embodiments described are some
rather than all embodiments of this application. All other
embodiments obtained by persons of ordinary skill in the art
based on the embodiments of this application without cre-
ative efforts shall fall within the protection scope of this
application.

[0078] Unless otherwise defined, all technical and scien-
tific terms used in this application shall have the same
meanings as commonly understood by those skilled in the
art to which this application relates. The terms used in the
specification of this application are intended to merely
describe the specific embodiments rather than to limit this
application. The terms “include”, “comprise”, and any varia-
tions thereof in the specification and claims of this applica-
tion as well as the foregoing description of drawings are
intended to cover non-exclusive inclusions. In the specifi-
cation, claims, or accompanying drawings of this applica-
tion, the terms “first”, “second”, and the like are intended to
distinguish between different objects rather than to indicate
a particular order or relative importance.

[0079] Reference to “embodiment” in this application
means that specific features, structures, or characteristics
described with reference to the embodiment may be
included in at least one embodiment of this application. The
word “embodiment” appearing in various places in the
specification does not necessarily refer to the same embodi-
ment or an independent or alternative embodiment that is
exclusive of other embodiments.

[0080] In the description of this application, it should be
noted that unless otherwise specified and defined explicitly,
the terms “mount”, “connect”, “join”, and “attach” should
be understood in their general senses. For example, they
may refer to a fixed connection, a detachable connection, or
an integral connection, and may refer to a direct connection,
an indirect connection via an intermediate medium, or an
internal communication between two elements. A person of
ordinary skills in the art can understand specific meanings of
these terms in this application as appropriate to specific
situations.

[0081] The term “and/or” in this application is only an
associative relationship for describing associated objects,
indicating that three relationships may be present. For
example, A and/or B may indicate three cases: presence of
only A; presence of both A and B; and presence of only B.
In addition, the character “/” in this application generally
indicates an “or” relationship between contextually associ-
ated objects.

[0082] In the embodiments of this application, like refer-
ence signs denote like components, and for brevity, in
different embodiments, detailed descriptions of like compo-
nents are not repeated. It should be understood that, as
shown in the accompanying drawings, sizes such as thick-
ness, length, and width of various components and sizes
such as thickness, length, and width of integrated devices in
the embodiments of this application are merely for illustra-
tive purposes and should not constitute any limitations on
this application.

[0083] In this application, “a plurality of” means more
than two (inclusive).

[0084] In this application, the battery cell may include a
lithium-ion secondary battery, a lithium-ion primary battery,
a lithium-sulfur battery, a sodium-lithium-ion battery, a
sodium-ion battery, a magnesium-ion battery, or the like.



US 2023/0402708 Al

This is not limited in the embodiments of this application.
The battery cell may be cylindrical, flat, cuboid, or of other
shapes, which is not limited in the embodiments of this
application either. Battery cells are typically divided into
three types by packaging method: cylindrical cell, prismatic
cell, and pouch cell. The type of battery is not limited in the
embodiments of this application either.

[0085] The battery mentioned in the embodiments of this
application is a single physical module that includes one or
more battery cells for providing a higher voltage and capac-
ity. For example, the battery mentioned in this application
may include a battery module, a battery pack, or the like. A
battery typically includes a box configured to enclose one or
more battery cells. The box can prevent liquids or other
foreign matter from affecting charging or discharging of the
battery cell.

[0086] The battery cell includes an electrode assembly and
an electrolyte. The electrode assembly includes a positive
electrode plate, a negative electrode plate, and a separator.
Working of the battery cell mainly relies on migration of
metal ions between the positive electrode plate and the
negative electrode plate. The positive electrode plate
includes a positive electrode current collector and a positive
electrode active substance layer. The positive electrode
active substance layer is applied on a surface of the positive
electrode current collector. The part of positive electrode
current collector uncoated with the positive electrode active
substance layer protrudes out of the part of positive elec-
trode current collector coated with the positive electrode
active substance layer and serves as a positive tab. A
lithium-ion battery is used as an example, for which, the
positive electrode current collector may be made of alumi-
num and the positive electrode active substance may be
lithium cobaltate, lithium iron phosphate, ternary lithium,
lithium manganate, or the like. The negative electrode plate
includes a negative electrode current collector and a nega-
tive electrode active substance layer. The negative electrode
active substance layer is applied on a surface of the negative
electrode current collector. The part of negative electrode
current collector uncoated with the negative electrode active
substance layer protrudes out of the part of negative elec-
trode current collector coated with the negative electrode
active substance layer and serves as a negative tab. The
negative electrode current collector may be made of copper,
and the negative electrode active substance may be carbon,
silicon, or the like. To allow a large current to pass through
without any fusing, multiple positive tabs are provided and
stacked together, and multiple negative tabs are provided
and stacked together. The separator may be made of PP
(polypropylene, polypropylene), PE (polyethylene, polyeth-
ylene), or the like. In addition, the electrode assembly may
be a wound structure or a stacked structure, but the embodi-
ments of this application are not limited thereto.

[0087] The development of battery technology requires
consideration of various design factors, such as energy
density, cycle life, discharge capacity, charge and discharge
rates, and other performance parameters. Additionally, the
safety of the battery must also be considered.

[0088] After a battery cell experiences a number of charge
and discharge cycles, side reactions may occur, continuously
generating gas, causing internal pressure within the battery
cell. As the pressure increases, the gas between the electrode
plates cannot be discharged in a timely manner, which
affects the intercalation and deintercalation of lithium ions
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and may lead to the risk of lithium precipitation. To ensure
the safety of the battery cell, an exhaust mechanism is
generally set up within the battery cell to discharge the
generated gas, thereby ensuring safety of the battery cell.
[0089] The inventors have found that current approaches
to improving the fast-charging capability and gas generation
life of battery cells mainly focus on the electrolyte. High-ion
fast-charging electrolytes can significantly enhance fast-
charging capabilities, but the resulting high gas generation
has always been a difficult problem to solve.

[0090] During the battery charging process, ions (such as
lithium ions and sodium ions) are released from the positive
electrode active material and enter the electrolyte. They then
enter the pores of a porous negative electrode with the
electrolyte, where liquid phase ionic conduction occurs
within the pores. In this process, the magnitude of the ionic
conductivity is crucial. High ionic conductivity enables
rapid ion migration, enhancing the overall charging capa-
bility of the battery cell. However, high lithium-ion conduc-
tivity implies the use of low-viscosity solvents, which have
low oxidation potentials and are easily oxidized, generating
a large amount of gas and posing safety issues. At the same
time, high gas-generating electrolytes often require a larger
gas containment space to reduce safety hazards and a
breathable top cover to discharge the gas inside the housing.
[0091] Through extensive research, the inventors have
further discovered that the charging capability and life of a
battery are closely related to the ratio of the gas permeability
of the breathable component provided on the casing, the
conductivity of the electrolyte, and the gas containment
space. Greater gas permeability and larger effective venti-
lating area of the breathable component are more conducive
to the discharge of gas inside the battery cell. However, the
breathable component will be subjected to greater force and
is more prone to deformation. Moreover, greater conductiv-
ity of the electrolyte and smaller gas containment space lead
to better charging capability of the battery and higher energy
density, but also greater gas production. Therefore, it is
necessary to properly adjust the proportional relationship of
the gas permeability of the breathable component, the con-
ductivity of the electrolyte, and the gas containment space to
ensure that the battery cell has both a long gas generation life
and fast-charging capability.

[0092] In view of this, embodiments of this application
provide a battery cell, which includes an electrode assembly,
a casing, an exhaust mechanism, and an electrolyte. The
casing has an accommodating cavity for accommodating the
electrode assembly. The exhaust mechanism is disposed on
the casing and includes a connecting component and a
breathable component. The connecting component is con-
figured to connect the casing, and the breathable component
is configured to discharge gas to outside of the casing when
gas pressure inside the casing reaches a threshold. The
electrolyte is filled in the casing. Gas permeability A of the
breathable component, conductivity S of the electrolyte, and
gas containment space V satisfy 20 mm?**ms/cm*ml<AS/
V<165 mm**ms/cm*ml. The gas containment space V is
equal to a ratio of a remaining value of volume of the
accommodating cavity minus volume of the electrolyte and
volume of the electrode assembly to capacity of the elec-
trode assembly.

[0093] Compared to existing battery cells, the conductiv-
ity of the electrolyte is improved, enabling rapid ion migra-
tion and enhancing the overall charging capability of the
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battery cell. Moreover, this can balance the timely discharge
of the gas generated during the fast-charging process from
the breathable component of the exhaust mechanism,
improving safety performance. As a result, the battery cell as
a whole possesses both a long gas generation life and
fast-charging capability.

[0094] The battery cell described in this embodiment is
applicable to batteries and electric apparatuses and devices
that use batteries.

[0095] The electric apparatuses and devices can be
vehicles, mobile phones, portable devices, laptops, ships,
spacecraft, electric toys, electric tools, and the like. Vehicles
can be fueled by gasoline, natural gas, or new energy
vehicles. New energy vehicles can be battery electric
vehicles, hybrid vehicles, extended-range electric vehicles,
or the like. Spacecraft includes airplanes, rockets, space
shuttles, spaceships, and the like. Electric toys include fixed
or mobile electric toys, such as game consoles, electric toy
cars, electric toy boats, electric toy airplanes, and the like.
Electric tools include electric metal cutting tools, electric
grinding tools, electric assembling tools, and railway-spe-
cific electric tools, such as electric drills, electric grinders,
electric wrenches, electric screwdrivers, electric hammers,
electric impact drills, concrete vibrators, and electric plan-
ers. This application does not make any special limitations
on the above-mentioned electric device.

[0096] For the purpose of description, the following
embodiments use a vehicle as an example of the electric
device to illustrate the application.

[0097] Referto FIG. 1. FIG. 1 shows a schematic diagram
of the structure of a vehicle 1000 provided in some embodi-
ments of this application. The vehicle 1000 may be a fossil
fuel vehicle, a natural-gas vehicle, or a new energy vehicle,
where the new energy vehicle may be a battery electric
vehicle, a hybrid electric vehicle, a range-extended vehicle,
or the like. The vehicle 1000 is equipped with a battery 100
inside. The battery 100 can be located at the bottom, top, or
rear of the vehicle 1000. The battery 100 can be used to
power the vehicle 1000, for example, the battery 100 can
serve as an operating power source for the vehicle 1000. The
vehicle 1000 can also include a controller 200 and a motor
300. The controller 200 is configured to control the battery
100 to supply power to the motor 300, for example, to meet
the electrical power requirements for starting, navigating,
and driving of the vehicle 1000.

[0098] In some embodiments of this application, the bat-
tery 100 can not only serve as the operating power source of
the vehicle 1000, but also as a driving power source of the
vehicle 1000, replacing or partially replacing fuel or natural
gas to provide driving power for the vehicle 1000.

[0099] Refer to FIG. 2. FIG. 2 is an exploded view of the
battery 100 provided in some embodiments of this applica-
tion. The battery 100 includes a box 10 and a battery cell 20,
where the battery cell 20 is accommodated in the box 10.
Among them, the box 10 is configured to provide an
accommodating space for the battery cell 20. The box 10 can
have various structures. In some embodiments, the box 10
can include a first portion 11 and a second portion 12. The
first portion 11 and the second portion 12 are mutually
overlapped to define an accommodating space for accom-
modating the battery cell 20. The second portion 12 can be
a hollow structure with one side open, and the first portion
11 can be a plate structure, with the first portion 11 covering
the open side of the second portion 12, so that the first
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portion 11 and the second portion 12 together define the
accommodating space 13. Alternatively, the first portion 11
and the second portion 12 can both be hollow structures with
one side open, the opening side of the first portion 11
overlapping with the opening side of the second portion 12.
The first portion 11 and the second portion 12 can have
various shapes though, such as rectangular or cylindrical.
[0100] In the battery 100, there may be one or more
battery cells 20. If multiple battery cells 20 are used, they
can be connected in series, parallel or series-parallel.
“Series-parallel” refers to multiple battery cells 20 in which
some are connected in series and some are connected in
parallel. Multiple battery cells 20 can be first connected in
series, parallel, or series-parallel to form a battery module,
and multiple battery modules can then be connected in
series, parallel, or series-parallel to form a whole and be
accommodated in the box 10. Alternatively, the battery 100
can be one with all the battery cells 20 directly connected in
series, parallel, or series-parallel, and the whole composed
of all the battery cells 20 accommodated in the box 10. The
battery 100 may also include other components, for example
the battery 100 also includes a busbar component, which
allows for electrical connections between multiple battery
cells 20.

[0101] Each battery cell 20 can be a secondary battery or
a primary battery, and it can be a lithium-sulfur battery, a
sodium-ion battery, or a magnesium-ion battery, without
being limited to these. The battery cell 20 can be cylindrical,
flat, rectangular, or other shapes.

[0102] Refer to FIGS. 3 to 6. A battery cell is the smallest
unit that constitutes a battery. The battery cell 20 includes a
casing, an electrode assembly 23, an exhaust mechanism 24,
an electrolyte 25, and other functional components. The
casing has an accommodating cavity for accommodating the
electrode assembly 23. The exhaust mechanism 24 is dis-
posed on the casing and includes a connecting component
241 and a breathable component 242. The connecting com-
ponent 241 is configured to connect the casing, and the
breathable component 242 is configured to discharge gas to
outside of the casing when gas pressure inside the casing
reaches a threshold. The electrolyte 25 is filled in the casing.
Gas permeability A of the breathable component 242, con-
ductivity S of the electrolyte 25, and gas containment space
V satisfy mm**ms/cm*ml<AS/V<165 mm**ms/cm*ml.
The gas containment space V is equal to a ratio of a
remaining value of volume of the accommodating cavity
minus volume of the electrolyte 25 and volume of the
electrode assembly 23 to capacity of the electrode assembly
23.

[0103] The casing may include a cover assembly 21 and a
housing 22. The cover assembly 21 is a component that seals
the opening of the housing 22 to isolate the internal envi-
ronment of the battery cell 20 from the external environ-
ment. Without limitation, the shape of the cover assembly 21
can be adapted to the shape of the housing 22 to fit the
housing 22. Optionally, the cover assembly 21 can be made
of a material with sufficient hardness and strength (such as
aluminum alloy), so that the cover assembly 21 is not easily
deformed when subjected to compression and collision,
making the battery cell 20 have higher structural strength
and improved safety performance. Functional components
such as electrode terminals 21a and a cover plate 215 can be
included on the cover assembly 21. The electrode terminal
214 can be used for electrical connection with the electrode
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assembly 23 for outputting or inputting electrical energy of
the battery cell 20. The material of the cover assembly 21
can also be various, such as copper, iron, aluminum, stain-
less steel, aluminum alloy, and plastic, and the embodiments
of'this application do not impose special limitations. In some
embodiments, an insulating component 26 can be provided
on the inner side of the cover assembly 21, which can be
used to isolate the electrode assembly 23 inside the housing
22 from the cover assembly 21 to reduce the risk of short
circuit. For example, the insulating component can be plastic
or rubber.

[0104] The housing 22 is a component used to cooperate
with the cover assembly 21 to form the internal environment
of'the battery cell 20, where the formed internal environment
can be used to accommodate the electrode assembly 23, the
electrolyte 25, and other components. The housing 22 and
the cover assembly 21 can be independent components, and
an opening can be provided on the housing 22. The internal
environment of the battery cell 20 can be formed by sealing
the opening with the cover assembly 21 at the opening.
Without limitation, the cover assembly 21 and the housing
22 can instead be integrated. Specifically, the cover assem-
bly 21 and the housing 22 can form a common connection
surface before other components enter the casing, and when
it is necessary to package the inside of the housing 22, the
cover assembly 21 can then cover the housing 22. The
housing 22 can have various shapes and sizes, such as
rectangular, cylindrical, and hexagonal prism. Specifically,
the shape of the shell 22 can be determined according to the
specific shape and size of the electrode assembly 23. The
material of the housing 22 can be various, such as copper,
iron, aluminum, stainless steel, aluminum alloy, and plastic,
and embodiments of this application do not impose special
limitations on this.

[0105] The electrode assembly 23 is a component in the
battery cell 20 where the electrochemical reaction occurs.
The housing 22 can contain one or more electrode assem-
blies 23. The electrode assembly 23 is mainly formed by
winding or stacking positive and negative electrode plates,
and a separator is usually placed between the positive and
negative electrode plates. The portions of the positive and
negative electrode plates containing active materials consti-
tute the main body of the electrode assembly 23, while the
portions without active materials form respective electrode
tabs. The positive and negative electrode tabs can be located
together at one end of the main body or separately at two
ends. During the charging and discharging process of the
battery, the positive and negative active materials react with
the electrolyte 25, and the electrode tabs are connected to the
electrode terminals 21a to form a current loop.

[0106] The exhaust mechanism 24 is disposed on the
casing and is configured to discharge gas to the outside of
the casing when the gas pressure inside the casing reaches
the threshold. The exhaust mechanism 24 can be arranged on
the cover assembly 21 or the housing 22.

[0107] The connecting component 241 and the casing can
adopt an integrated structure, or they can adopt separate
structures. When separate structures are used, they can be
fixedly connected by welding or other methods. The con-
necting component 241 can connect the breathable compo-
nent 242 to the casing and ensure sealing of the battery cell
20.

[0108] The breathable component 242 has a ventilating
function and is configured to discharge gas to the outside of
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the battery cell 20 when the gas pressure inside the battery
cell 20 reaches a first threshold. Its material can be PP
(polypropylene, polypropylene), PE (polyethylene, polyeth-
ylene), PU (polyurethane, polyurethane), or the like. The gas
inside the battery cell 20 needs to pass through the breath-
able component 242 when being discharged. The breathable
component 242 allows the gas inside the battery cell 20 to
flow to the outside while preventing water vapor and other
substances from entering the battery cell 20 from the out-
side.

[0109] The electrolyte 25 is filled inside the casing and
contacts the electrode assembly 23, allowing ions (such as
lithium ions and sodium ions) released from the active
material of the positive electrode plate during the charging
process of the electrode assembly 23 to enter the electrolyte
25 and, along with the electrolyte 25, enter the pores of the
porous negative electrode to perform ion conduction in the
liquid phase within the pores, thus achieving charging and
discharging.

[0110] The gas permeability A of the breathable compo-
nent 242 can be understood as the ratio of the effective
ventilating area of the breathable component 242 to the
capacity of the electrode assembly 23.

[0111] The conductivity S of the electrolyte 25 refers to
the ion migration in the electrolyte 25. During the battery
charging process, ions (such as lithium ions and sodium
ions) released from the positive active material enter the
electrolyte 25 and, along with the electrolyte 25, enter the
pores of the porous negative electrode to perform ion
conduction in the liquid phase within the pores.

[0112] The volume of the accommodating cavity of the
casing is V1, the volume of the electrolyte 25 filled inside
the battery cell 20 as a finished product is V2, and the
volume of the electrode assembly 23 is V3. Thus, the gas
containment space V satisfies V=V1-V2-V3.

[0113] The gas containment space V can also be under-
stood as the ratio of the volume of the electrolyte 25 injected
into the casing until it fills the entire accommodating cavity
to the capacity of the electrode assembly 23 after the battery
cell 20 is finished.

[0114] The product of the gas permeability A of the
breathable component 242 and the conductivity S of the
electrolyte 25 should be greater than 20 mm**ms/cm*ml
and less than 165 mm**ms/cm*ml when compared to the
gas containment space V.

[0115] As previously analyzed, the conductivity of the
electrolyte 25 during the battery charging process is crucial.
High conductivity allows for rapid ion migration, improving
the charging capability of the entire battery cell 20. How-
ever, high conductivity implies the use of low-viscosity
solvents with low oxidation potentials, which are easily
oxidized, generating a large amount of gas and leading to
safety issues. At the same time, electrolytes 25 that produce
a high amount of gas often require more gas containment
space to reduce safety hazards.

[0116] The breathable component 242 on the casing can
discharge gas inside the housing 22. Greater gas permeabil-
ity and larger effective ventilating area of the breathable
component 242 are more favorable for discharging gas from
the casing, but the casing bears greater force and is more
prone to deformation. Greater conductivity of the electrolyte
25 and smaller gas containment space lead to better charging
capability and higher energy density of the battery cell 20,
but also greater gas production. The battery cell 20 provided
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in this application embodiment is equipped with an exhaust
mechanism 24 to discharge gas to the outside of the casing
when the gas pressure inside the casing reaches a threshold
value. Additionally, the gas permeability A of the breathable
component 242, the conductivity S of the electrolyte 25, and
the gas containment space V are specified to satisfy 20
mm**ms/cm*ml<AS/V<165 mm>**ms/cm*ml, where the
gas containment space V is a ratio of a remaining value of
volume of the accommodating cavity minus volume of the
electrolyte 25 and volume of the electrode assembly 23 to
capacity of the electrode assembly 23. By reasonably adjust-
ing the proportional relationship of the gas permeability A of
the breathable component 242, the conductivity S of the
electrolyte 25, and the gas containment space V, the con-
ductivity of the electrolyte 25 is improved, allowing for
rapid ion migration and enhancing the charging capability of
the entire battery core. Moreover, this can balance the timely
discharge of gas generated during the fast charging process
through the breathable component 242 of the exhaust
mechanism 24, improving safety performance and providing
the battery cell 20 with both super-fast charging and a long
service life advantage.

[0117] Specifically, by ensuring that the proportional rela-
tionship of the gas permeability A of the breathable com-
ponent 242, the conductivity S of the electrolyte 25, and the
gas containment space V is greater than 20 mm>*ms/cm*ml,
the pressure difference between inside and outside the
breathable component 242 can discharge gas from the hous-
ing 22, allowing for fast charging and ensuring energy
density. If the proportional relationship of the gas perme-
ability A of the breathable component 242, the conductivity
S of the electrolyte 25, and the gas containment space V is
less than 20 mm**ms/cm*ml, it indicates that the gas
permeability A of the breathable component 242 is relatively
small or the ratio of the conductivity S of the electrolyte 25
to the gas containment space V is relatively small. When A
is relatively small, the ventilating capacity of the breathable
component 242 is insufficient, and gas cannot be discharged
in time, leading to a reduced service life. If the ratio of the
conductivity S of the electrolyte 25 to the gas containment
space V is relatively small, it cannot meet the requirements
for high charging capability and high energy density.

[0118] At the same time, by ensuring that the proportional
relationship of the gas permeability A of the breathable
component 242, the conductivity S of the electrolyte 25, and
the gas containment space V is less than 165 mm>*ms/
cm*ml, the conductivity S of the electrolyte 25 and the gas
containment space V have already approached extreme
values, and the pressure on the breathable component 242 is
within the material characteristic range. If the proportional
relationship of the gas permeability A of the breathable
component 242, the conductivity S of the electrolyte 25, and
the gas containment space V is greater than 165 mm>*ms/
cm*ml, it indicates that the gas permeability A of the
breathable component 242 is exceptionally large or the ratio
of the conductivity S of the electrolyte 25 to the gas
containment space V is exceptionally large. If the gas
permeability A of the breathable component 242 is excep-
tionally large, the stress on the breathable component 242
increases, and the ventilating membrane is prone to failure
due to gas breakthrough, leading to accelerated cell life
decay. If the ratio of the conductivity S of the electrolyte 25
to the gas containment space V is exceptionally large,
reaching the design limit of the battery cell 20, the exces-
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sively high conductivity may lead to an increase in side
reactions and costs. Additionally, a too-small gas contain-
ment space V poses safety risks.

[0119] In some optional embodiments, the proportional
relationship of the gas permeability A of the breathable
component 242, the conductivity S of the electrolyte 25, and
the gas containment space V, that is, AS/V, can take a value
selected from any of the values 20 mm>*ms, 40 mm>*ms, 60
mm?*ms, 70 mm**ms, 80 mm>*ms, 100 mm?*ms, 120
mm?*ms, or 140 mm>*ms to improve the charging speed of
the battery cell 20 while ensuring its service life.

[0120] In some embodiments, the gas permeability A of
the breathable component 242, the conductivity S of the
electrolyte 25, and the gas containment space V satisfy: 30
mm?*ms/cm*ml<AS/V<90 mm?*ms/cm*ml.

[0121] In other words, the ratio of the product of the gas
permeability A of the breathable component 242 and the
conductivity S of the electrolyte 25 to the gas containment
space V should be greater than 30 mm**ms/cm*ml _,, 90
mm?*ms/cm*ml.

[0122] By ensuring that the gas permeability A of the
breathable component 242, the conductivity S of the elec-
trolyte 25, and the gas containment space V satisfy 30
mm?*ms/cm*ml<AS/V<90 mm**ms/cm*ml, a further bal-
ance can be achieved among the gas permeability A of the
breathable component 242, the conductivity S of the elec-
trolyte 25, and the gas containment space V, ensuring high
charging capability while maximizing the service life of the
battery cell 20.

[0123] In some embodiments, the gas permeability A of
the breathable component 242 is greater than or equal to
0.15 mm?*/Ah and less than or equal to 1.5 mm*/Ah. In other
words, the gas permeability A of the breathable component
242 can be any value between 0.15 mm?/Ah and 1.5
mm?*/Ah.

[0124] If the gas permeability A of the breathable compo-
nent 242 is too small, such as less than 0.15 mm?/Ah, the
ventilating capacity of the breathable component 242 may
be insufficient, and the gas generated inside the battery cell
20 may not be discharged in time. If the gas permeability A
of the breathable component 242 is too large, such as greater
than 1.5 mm?®/Ah, the stress on the breathable component
242 increases, and the breathable component 242 is prone to
failure due to gas breakthrough, causing the battery cell 20
life to decay faster. The battery cell 20 provided in the
embodiments of this application ensures that the gas per-
meability A of the breathable component 242 is greater than
or equal to 0.15 mm?*Ah and less than or equal to 1.5
mm?/Ah, which can guarantee the ventilating capacity of the
breathable component 242 while avoiding risks such as
breakthrough due to excessive stress on the breathable
component 242.

[0125] In some embodiments, the gas permeability A of
the breathable component 242 is greater than or equal to
0.45 mm?/Ah and less than or equal to 0.9 mm*/Ah. In other
words, the gas permeability A of the breathable component
242 can be any value between 0.45 mm?*Ah and 0.9
mm?*/Ah.

[0126] The above settings enable the breathable compo-
nent 242 to have a moderate ventilating area, better ensuring
the ventilating capacity and reducing the risk of break-
through due to excessive stress on the breathable component
242.
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[0127] In some embodiments, the battery cell 20 provided
in the embodiments of this application has a conductivity S
of the electrolyte 25 greater than or equal to 8.5 ms/cm and
less than or equal to 11 ms/cm. In other words, the conduc-
tivity S of the electrolyte 25 can be any value between 8.5
ms/cm and 11 ms/cm, including the two endpoint values of
8.5 ms/cm and 11 ms/cm.

[0128] The greater the conductivity S of the electrolyte 25,
such as greater than 11 ms/cm, the larger the ratio of the
conductivity of the electrolyte 25 to the gas containment
space, reaching the design limit of the battery cell 20.
Excessively high conductivity may lead to increased side
reactions and higher costs. On the other hand, if the con-
ductivity S of the electrolyte 25 is smaller, such as less than
8.5 ms/cm, the ratio of the conductivity S of the electrolyte
25 to the gas containment space V is smaller, causing a
higher risk of insufficient charging capability and energy
density of the battery cell 20.

[0129] Therefore, the battery cell 20 provided in the
embodiments of this application can improve the charging
capability of the battery cell 20 and reduce the probability of
increased side reactions and higher costs by selecting the
conductivity S of the electrolyte 25 within the aforemen-
tioned range.

[0130] As an optional implementation, the battery cell 20
provided in the embodiments of this application has a
conductivity S of the electrolyte 25 greater than or equal to
9 ms/cm and less than or equal to 10 ms/cm. By choosing a
high-conductivity fast-charging electrolyte 25, the charging
capability of the battery cell 20 can be further improved,
balancing side reactions and costs.

[0131] In some optional embodiments, the battery cell 20
provided in the embodiments of this application has a gas
containment space V greater than or equal to 0.1 ml/Ah and
less than or equal to 0.4 ml/Ah, which means that the gas
containment space V can be any value between 0.1 ml/Ah
and 0.4 ml/Ah.

[0132] The smaller the gas containment space V, such as
less than 0.1 ml/Ah, the larger the ratio of the conductivity
of the electrolyte 25 to the gas containment space, reaching
the design limit of the battery cell 20. Excessively high
conductivity may lead to increased side reactions and higher
costs. On the other hand, if the gas containment space V is
larger, such as greater than 0.4 ml/Ah, the ratio of the
conductivity of the electrolyte 25 to the gas containment
space is smaller, causing a higher risk of insufficient charg-
ing capability and energy density of the battery cell 20.

[0133] The battery cell 20 provided in the embodiments of
this application can ensure high charging capability and
reduce the risk of increased side reactions and higher costs
by selecting the gas containment space V within the afore-
mentioned range.

[0134] As an optional implementation, the gas contain-
ment space V is greater than or equal to 0.2 ml/Ah and less
than or equal to 0.35 ml/Ah. Through this setting, the risk of
increased side reactions and higher costs of the battery cell
20 can be further reduced while charging capability is
ensured.

[0135] In some embodiments, the conductivity S of the
electrolyte 25 and the gas containment space V further
satisfy 20 ms/m1<S/V<110 ms/ml. In other words, the ratio
of the conductivity S of the electrolyte 25 and the gas
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containment space V can be any value between 20 ms/ml
and 110 ms/ml, including the two endpoint values of 20
ms/ml and 110 ms/ml.

[0136] As mentioned earlier, if the ratio of the conductiv-
ity S of the electrolyte 25 to the gas containment space V is
relatively small, such as less than 20 ms/ml, it cannot meet
the requirements of high charging capability and high energy
density. If the ratio of the conductivity S of the electrolyte
25 and the gas containment space V is relatively large, such
as greater than 110 ms/ml, reaching the limit of the battery
cell 20, the excessively high conductivity may lead to
increased side reactions and higher costs.

[0137] The battery cell 20 provided in the embodiments of
this application ensures an appropriate ratio of the conduc-
tivity S of the electrolyte 25 and the gas containment space
V by making the ration satisfy 20 ms/ml<S/V<110 ms/ml,
which not only meets the high charging capability but also
reduces the probability of side reactions occurring.

[0138] Specific examples are described below to illustrate
the solution.
[0139] For preparation of the positive electrode plate of

the electrolyte assembly 23, the positive electrode active
material (NCM811), conductive carbon, and binder (PVDF)
were mixed in a mass ratio of 97:1:1, solvent N-methylpyr-
rolidone (NMP) was added, and a stir was applied under
vacuum until the system is uniform to obtain a positive
electrode slurry. This slurry was applied evenly on a positive
electrode current collector, which was transferred to an oven
for drying, followed by cold pressing and cutting, to obtain
a positive electrode plate. The positive electrode active
material can be selected from lithium cobalt oxide, lithium
nickel oxide, lithium manganese oxide, lithium nickel man-
ganese oxide, lithium nickel cobalt manganese oxide,
lithium nickel cobalt aluminum oxide, and the like, but is not
limited to these materials, and other materials suitable for
lithium-ion battery positive electrode active materials can
also be used.

[0140] For preparation of the negative electrode plate,
secondary particle carbonized product A of the negative
electrode active material, conductive agent, CMC, and
binder SBR were mixed in a mass ratio of 96.6:0.8:1.1:1.5,
deionized water was added as a solvent, and a stir was
applied evenly under vacuum to obtain a negative electrode
slurry. The negative electrode slurry was applied evenly on
a negative electrode current collector, dried in an oven,
followed by cold pressing and cutting, to obtain a negative
electrode plate.

[0141] For preparation of the separator, a polyethylene
separator was used.

[0142] For preparation of the electrolyte 25, ethylene
carbonate (EC), ethyl methyl carbonate (EMC), and diethyl
carbonate (DEC) were mixed in a volume ratio of 1:1:1 to
obtain an organic solvent. Next, thoroughly dried lithium
salt LiPF, was dissolved in the mixed organic solvent to
prepare an electrolyte 25 with a concentration of 1 mol/L.
[0143] For preparation of the battery cell 20, the above
positive electrode plate, separator, and negative electrode
plate were wound to produce an eclectrode assembly. The
electrode assembly, with its surface wrapped with an insu-
lating layer, was placed in a housing 22, and after drying, the
prepared electrolyte 25 was injected. After formation, stand-
ing, and electrolyte replenishment steps, a lithium-ion bat-
tery was obtained.
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[0144] As shown in FIG. 7, lithium-ion batteries of the
examples and comparative examples were all prepared
according to the method described above. The kinetic per-
formance testing, gas generation during storage testing, and
energy density testing of the battery cell 20 can be per-
formed using the following methods.

[0145] For the kinetic performance testing, the batteries
prepared in the examples and the comparative examples
were tested at 25° C. by charging at 5C for Y1 minutes, 4.7C
for Y2 minutes, and continuing until 1C charging for Yn
minutes, followed by 1C full discharge, repeated 10 times.
The batteries were then fully charged at 1C, disassembled,
and the lithium precipitation on the electrode plates was
observed. If no lithium precipitation is observed on the
negative electrode plate surface, the charging time Y1 to Yn
was adjusted until lithium precipitation occurs, and the test
is stopped. The charging time used at this point was the
maximum charging capability of the battery.

[0146] For the gas generation during storage testing, the
gas-generating cell prepared was stored at 60° C. and 97%
SOC. The gas pressure inside the housing 22 was monitored
online, and when it reaches 0.35 MPa, the number of days
elapsed was recorded.

[0147] For the energy density testing, at 25° C., the
batteries prepared in the examples and the comparative
examples were fully charged and discharged at 0.33C and
1C rates, respectively, and the actual discharge energy at that
time was recorded. The battery electrode plates were
weighed at 25° C. using an electronic balance. The ratio of
the battery’s actual 1C discharge energy to the weight of the
battery electrode plates is the actual energy density of the
battery. The energy density increase is calculated as (actual
energy density-target energy density)/target energy density,
with the target energy density as the reference.

[0148] From the kinetic performance testing, gas genera-
tion during storage testing, and energy density testing, as
well as FIG. 7, it can be seen from Example 1 to Example
4 that with the increase in the conductivity S of the elec-
trolyte 25, the fast charging capability also increases.
[0149] From Example 1 to Example 3, it can be seen that
with the material and area of the breathable component 242
remaining constant, as the conductivity S of the electrolyte
25 increases, the gas containment space V decreases, leading
to a reduction in the cycle count and storage days of the
battery cell 20.

[0150] From Example 6 to Example 8, it can be seen that
the breathable component 242 improves gas generation for
active materials of both NCM811 and LFP systems, or
low-silicon systems.

[0151] For comparative examples without a breathable top
cover, adopting a conductivity of 11 and a residual space
after injection of 0.1 in the design, the electrode assembly 23
generates a large amount of gas, leading to premature abrupt
capacity drop.

[0152] Considering the kinetics, cycling, and lifetime of
the battery cell 20, the optimal conductivity S of the elec-
trolyte 25 is preferably 9 ms/cm-10 ms/cm, and the optimal
gas containment space V is preferably 0.2 ml/Ah-0.4 ml/Ah.
[0153] By increasing the area of the breathable component
242 with high gas permeability, the storage days before the
pressure reaches P=0.35 MPa or 80% SOC can be increased.
[0154] Refer to FIG. 8. In some embodiments, the battery
cell 20 provided by this application has a connecting com-
ponent 241 with a plurality of first through holes 2411. A
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connecting portion 2412 is formed between two adjacent
first through holes 2411, and the breathable component 242
covers the plurality of first through holes 2411. The con-
necting portion 2412 is configured to attach to the breathable
component 242 to limit deformation of the breathable com-
ponent 242. The breathable component 242 is configured to
discharge gas through the plurality of first through holes
2411 to the outside of the casing when the gas pressure
inside the battery cell 20 reaches the threshold.

[0155] The number of first through holes 2411 provided in
the connecting component 241 can be two, three, or more,
without any specific quantity limit in embodiment of this
application.

[0156] The shape of the first through hole 2411 can be a
regular geometric shape, such as a circle, ellipse, or regular
polygon. It can also be an irregular geometric shape, without
any specific shape limitation in this application, as long as
it can meet the gas discharge requirements of the battery cell
20.

[0157] The shapes of the individual first through holes
2411 among the plurality of first through holes 2411 can be
the same, such as all being circular, elliptical, or oval.
Alternatively, the shapes of the first through holes 2411
among the plurality of first through holes 2411 can be
different, or at least part of the first through holes 2411 can
have different shapes, for example, some of the first through
holes 2411 can be circular, while others can be elliptical,
oval, or polygonal.

[0158] The first through hole 2411 can be formed in
various ways, such as stamping and milling, without any
specific limitations in embodiments of this application.
[0159] There is no specific limitation on the distribution
pattern of the plurality of first through holes 2411 on the
connecting component 241. For example, they can be
arranged in rows and columns or arrayed, distributed along
a circular track, or distributed along a straight or curved
track.

[0160] Atleast part of the hole walls between two adjacent
first through holes 2411 are spaced apart, and the connecting
portion 2412 is a region of the connecting component 241
between two adjacent first through holes 2411. In any
direction perpendicular to the axial direction of the first
through hole 2411, a connecting portion 2412 can be formed
between each pair of adjacent first through holes 2411.
[0161] The connecting portion 2412 is attached to the
breathable component 242, which can contact and abut the
connecting portion 2412. The connection between the
breathable component 242 and the connecting portion 2412
can be achieved by adhesive bonding or chemical bonding.
The deformation of the breathable component 242 can be a
shape change caused by bulging at least partially away from
the electrode assembly 23.

[0162] In the above technical solution, the connecting
component 241 is provided with a plurality of first through
holes 2411, and the breathable component 242 covers the
plurality of first through holes 2411. When the gas pressure
inside the battery cell 20 reaches the threshold, the gas is
discharged to the outside of the battery cell 20 through the
breathable component 242 and the plurality of first through
holes 2411, thereby achieving the purpose of discharging the
internal gas of the battery cell 20. Since the connecting
component 241 includes the connecting portion 2412
formed between two adjacent first through holes 2411, the
connecting component 241 can be attached to the breathable
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component 242 through the connecting portion 2412. When
the internal gas of the battery cell 20 acts on the breathable
component 242 during the process of discharging through
the breathable component 242 to the outside of the battery
cell 20, the connecting portion 2412 can provide a counter-
acting force against the internal pressure of the battery cell
20 to the breathable component 242, reducing the deforma-
tion of the breathable component 242, enhancing the overall
pressure resistance of the exhaust mechanism, and thereby
improving the safety of the battery cell 20.

[0163] In some optional embodiments, the breathable
component 242 is disposed on a side of the connecting
component 241 facing the electrode assembly 23, and the
connecting portion 2412 is configured to provide support
force to the breathable component 242 when the breathable
component 242 deforms towards the outside of the battery
cell 20.

[0164] The side of the connecting component 241 facing
the inside of the battery cell 20 can be the side of the
connecting component 241 facing the inside of the electrode
assembly 23 along the axial direction X of the first through
hole 2411. The connecting portion 2412 can provide support
force to the breathable component 242 along the axial
direction X of the first through hole 2411 when the breath-
able component 242 deforms towards the outside of the
battery cell 20, limiting the deformation of the breathable
component 242.

[0165] With the breathable component 242 positioned on
the side of the connecting component 241 facing the inside
of the battery cell 20, during an exhaust process, the con-
necting component 241 can provide support force to the
breathable component 242, ensuring sufficient exhaust area
while avoiding excessive internal pressure in the battery cell
20 causing deformation or displacement of the breathable
component 242, thus ensuring the integrity of the breathable
component 242 and improving safety. Moreover, with the
breathable component 242 positioned on the side of the
connecting component 241 facing the inside of the battery
cell 20, this arrangement can improve the utilization of the
external space of the end cover, facilitating inkjet printing or
implementing more functions.

[0166] In some embodiments, the shapes and areas of the
plurality of first through holes 2411 are the same. The shapes
of the plurality of first through holes 2411 can be the same,
for example, all being circular holes. Of course, the plurality
of first through holes 2411 can instead be elliptical holes or
polygonal holes, optionally being regular polygonal holes.
The same area of the plurality of first through holes 2411
means that the areas of any two first through holes 2411 are
the same. For example, when all the first through holes 2411
are circular holes, the diameters of any two first through
holes 2411 are the same; when all the first through holes
2411 are elliptical holes, the long-axis dimensions of any
two first through holes 2411 are equal, and the short-axis
dimensions thereof are also equal.

[0167] Making the shapes and areas of the plurality of first
through holes 2411 the same is conducive to the uniform and
rapid passage of gas through the plurality of first through
holes 2411 during the exhaust process. This ensures that the
breathable component 242 experiences the same gas pres-
sure in corresponding parts, avoiding deformation of the
breathable component 242 due to uneven gas distribution
through the plurality of first through holes 2411. Meanwhile,
the plurality of first through holes 2411 can be processed by
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stamping or milling methods. By making the shapes and
areas of the plurality of first through holes 2411 the same, the
same processing steps can be used for each first through hole
2411, simplifying the processing steps, reducing machining
costs, and improving molding efficiency.

[0168] In some embodiments, the shape of the first
through hole 2411 can be one of the following: circular,
elliptical, oval, or polygonal.

[0169] The shape of the first through hole 2411 can be one
of the following in its axial direction X projection: circular,
elliptical, oval, or polygonal. The shapes of all first through
holes 2411 can be one of circular, elliptical, oval, or polygo-
nal.

[0170] With the above configuration, during the exhaust
process of the battery cell 20, not only the exhaust efficiency
is ensured, but also the first through holes 2411 are given a
regular or approximately regular geometric shape, which is
conducive to the processing and molding of the first through
holes 2411.

[0171] In some embodiments, in the axial direction X of
the first through holes 2411, the sum of the orthographically
projected areas S1 of the first through holes 2411 and the
projected area S2 of the breathable component 242 satisfy:
S1/82<0.8.

[0172] The orthographically projected area of each first
through hole 2411 in its axial direction X is the area enclosed
by an orthographic projection contour of the hole wall of that
first through hole 2411 along the axial direction X. For
example, when the first through hole 2411 is a circular hole,
its orthographic projection in the axial direction X is circu-
lar, and the projected area of the first through hole 2411 is
the area within the circle. When the orthographic projection
of the first through hole 2411 in the axial direction X is a
polygon, the orthographically projected area of the first
through hole 2411 is the area within the polygon.

[0173] In some embodiments, the casing and the exhaust
mechanism 24 are provided separately, and the exhaust
mechanism 24 is connected to the casing through the con-
necting component 241.

[0174] Providing the casing and the exhaust mechanism
24 separately means that the casing and the exhaust mecha-
nism 24 are two independent components before assembly,
produced separately. When assembled together, the exhaust
mechanism 24 is connected to the casing through the con-
necting component 241.

[0175] With the above configuration, the casing and the
exhaust mechanism 24 are independent components, facili-
tating processing and assembly. Additionally, the separate
molding method allows the casing and the exhaust mecha-
nism 24 to be made from different materials and processed
separately. Suitable materials and processing techniques can
be selected based on the structural characteristics and usage
requirements of the exhaust mechanism 24.

[0176] In some embodiments, the casing has a first recess
211, the first recess 211 being configured to accommodate at
least part of the exhaust mechanism 24.

[0177] The first recess 211 is formed by removing a
portion of the material from the casing. In the axial direction
of the first through hole 2411, the bottom wall thickness of
the first recess 211 is smaller than the thickness of the casing
in other corresponding areas. When the exhaust mechanism
24 is used for the battery cell 20, the first recess 211 can be
arranged facing the electrode assembly 23 or facing away
from the electrode assembly 23.
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[0178] In the axial direction of the first through hole 2411,
the orthographic projection shape of the first recess 211 can
be circular, elliptical, polygonal, or the like. This application
does not specifically limit the shape.

[0179] The exhaust mechanism 24 can be partially located
within the first recess 211, or the exhaust mechanism 24 can
be entirely located within the first recess 211. When the
exhaust mechanism 24 is entirely located within the first
recess 211, in the axial direction X of the first through hole
2411, the side of the exhaust mechanism 24 that faces away
from the bottom wall of the first recess 211 can be flush with
the casing.

[0180] By providing a first recess 211 in the casing and
accommodating at least part of the exhaust mechanism 24
within the first recess 211, the overall occupied space of the
exhaust mechanism can be reduced. Moreover, the provision
of'the first recess 211 can help position the installation of the
exhaust mechanism 24, reducing the assembly difficulty
between the exhaust mechanism 24 and the casing.

[0181] In some embodiments, the connecting component
241 includes a main body region 241a and an exhaust region
2415. The main body region 241a is configured to connect
the casing, and the exhaust region 2415 includes the con-
necting portion 2412 and the plurality of first through holes
2411. One part of the breathable component 242 is attached
to the main body region 241a, and another part thereof is
attached to the connecting portion 2412 of the exhaust
region 241b. The casing has a shielding portion 212 and a
second through hole 213 at the bottom of the first recess 211.
The shielding portion 212 is configured to shield at least part
of the exhaust region 2415, and the second through hole 213
is configured to communicate with a space defined by the
first recess 211.

[0182] The main body region 241a and the exhaust region
2415 of the connecting component 241 can be an integrated
structure or separate structures. Optionally, an integrated
structure is used which can ensure the connection strength
between the two and facilitate the molding of the connecting
component 241.

[0183] The main body region 241a of the connecting
component 241 can be arranged around the exhaust region
2415b. The outer periphery of the main body region 2414 can
be connected to the casing, optionally using welding or other
methods to secure the connection with the casing.

[0184] The plurality of first through holes 2411 and the
connecting portion 2412 are both located in the exhaust
region 241b. The breathable component 242 is attached to
both the connecting portion 2412 of the exhaust region 2415
and the main body region 241a.

[0185] The first recess 211 includes a bottom and a side-
wall surrounding the bottom. The shielding portion 212 is
located at the bottom of the first recess 211, and the second
through hole 213 can be arranged to penetrate through the
bottom of'the first recess 211 in the axial direction of the first
through hole 2411.

[0186] The number of second through holes 213 can be
one or more, and the diameter of the second through hole
213 can be equal to or different from the diameter of the first
through hole 2411. Optionally, the diameter of the second
through hole 213 can be larger than the diameter of any of
the first through holes 2411.

[0187] In the axial direction of the first through hole 2411,
the position of the second through hole 213 can be arranged
opposite the first through hole 2411. Of course, in some
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embodiments, the two can instead be arranged in a staggered
manner in the axial direction of the first through hole 2411.
[0188] By specifying that the connecting component 241
includes a main body region 241a and an exhaust region
2415, the connecting component 241 can be connected to the
casing through the main body region 241a, ensuring the
connection strength between the connecting component 241
and the casing. The gas inside the battery cell 20 can be
exhausted through the exhaust region 2415, ensuring the
safety performance of the battery cell 20. Since one part of
the breathable component 242 is attached to the main body
region 241a and another part thereof is attached to the
exhaust region 2415, that is, the breathable component 242
is not only attached to the connecting portion 2412 but also
attached to the main body region 241a, the attachment
strength between the breathable component 242 and the
connecting component 241 can be ensured, reducing the risk
of separation between the breathable component 242 and the
connecting component 241. The shielding portion 212 is
configured to shield at least part of the exhaust region 2415,
and with the shielding portion 212, at least some foreign
matter can be prevented from entering the plurality of first
through holes 2411, thus avoiding the impact on the breath-
able component 242 and ensuring the performance of the
breathable component 242. The second through hole 213 is
configured to communicate with the space defined by the
first recess 211, allowing the gas inside the battery cell 20 to
be discharged, ensuring the safety of the battery cell 20.
[0189] In some embodiments, the shielding portion 212
has a second recess 214. The second recess 214 recedes from
the bottom surface of the first recess 211 in a direction
leaving the breathable component 242. A clearance space is
formed between the bottom surface of the second recess 214
and the exhaust mechanism 24 to make clearance for the
exhaust region 2415b.

[0190] The projection shape of the second recess 214 in
the axial direction of the first through hole 2411 can be
various, such as circular, elliptical, or polygonal. Optionally,
in the axial direction of the first through hole 2411, the
projected area of the second recess 214 is smaller than the
projected area of the first recess 211. Optionally, the pro-
jection of the second recess 214 is located within the
projection of the first recess 211.

[0191] The second through hole 213 can extend from the
bottom surface of the second recess 214 along the axial
direction of the first through hole 2411 and penetrate the
casing. In the axial direction of the first through hole 2411,
the bottom surface of the second recess 214 is spaced apart
from the exhaust mechanism 24 and forms a clearance
space.

[0192] By providing a second recess 214 in the shielding
portion 212 and forming a clearance space between the
bottom surface of the second recess 214 and the exhaust
mechanism 24, when at least part of the orthographic
projections of the first through holes 2411 in the axial
direction are covered by the shielding portion 212, contact
between the shielding portion 212 and the exhaust region
2415 of the connecting component 241 can be avoided,
preventing the shielding portion 212 from sealing the cov-
ered first through holes 2411, ensuring the exhaust require-
ments of the battery cell 20, and improving the safety
performance of the battery cell 20.

[0193] In some embodiments, the first recess 211 recedes
from the inner surface of the casing in the direction leaving
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the electrode assembly 23, the shielding portion 212 is
located on the side of the exhaust mechanism 24 facing away
from the electrode assembly 23, and the second through hole
213 is configured to communicate the external space of the
battery cell 20 with the first recess 211.

[0194] In the above technical solution, the first recess 211
recedes from the inner surface of the casing in the direction
leaving the inside of the battery cell 20, the shielding portion
212 is located on the side of the exhaust mechanism 24
facing away from the inside of the battery cell 20, and the
second through hole 213 is configured to communicate the
external space of the battery cell 20 with the first recess 211,
allowing the gas inside the battery cell 20 to pass through the
breathable structure successively through the second
through hole 213 and the first through hole 2411 and be
discharged. The position of the shielding portion 212 can
effectively block external foreign matter from entering the
first through hole 2411, reducing the risk of damage to the
breathable component 242.

[0195] The battery cell 20 provided in the embodiments of
this application can be referred to for dynamic performance
testing, storage life testing, capacity density testing, and
energy density testing.

[0196] In another aspect, embodiments of this application
also provide a battery, which includes the aforementioned
battery cell 20.

[0197] In yet another aspect, embodiments of this appli-
cation provide an electric apparatus, which includes the
aforementioned battery, the battery being configured to
provide electrical energy.

[0198] Embodiments of this application provide a battery
including the battery cell 20 provided in any of the afore-
mentioned embodiments, with a box configured to accom-
modate the battery cell 20.

[0199] Embodiments of this application provide an elec-
tric apparatus including the battery provided in any of the
aforementioned embodiments, the battery being configured
to provide electrical energy.

[0200] In still another aspect, embodiments of this appli-
cation provide a manufacturing method of battery cell 20,
including:

[0201] S100: providing a housing 22, the housing 22
having an accommodating cavity and an opening com-
municating with the accommodating cavity;

[0202] S200: providing an electrode assembly 23 and
loading the electrode assembly 23 into the accommo-
dating cavity of the housing 22;

[0203] S300: providing a cover assembly 21 and sealing
the opening with the cover assembly 21, where the
cover assembly 21 and the housing 22 jointly form a
casing, the casing is provided with an exhaust mecha-
nism 24, the exhaust mechanism 24 includes a con-
necting component 241 and a breathable component
242, the connecting component 241 is configured to
connect the casing, and the breathable component 242
is configured to discharge gas to outside of the casing
when gas pressure inside the casing reaches a thresh-
old; and

[0204] S400: injecting electrolyte 25 into the accom-
modating cavity so that gas permeability A of the
breathable component 242, conductivity S of the elec-
trolyte 25, and gas containment space V satisty 20
mm**ms/(cm*ml)<AS/V<165 mm**ms/(cm*ml),
where the gas containment space V is a ratio of a

Dec. 14, 2023

remaining value of volume of the accommodating
cavity minus volume of the electrolyte 25 and volume
of the electrode assembly 23 to capacity of the elec-
trode assembly 23.
[0205] The manufacturing method of battery cell 20 pro-
vided in the embodiments of this application can be used to
prepare the battery cell 20 provided in the various embodi-
ments above. The prepared battery cell 20, provided with the
exhaust mechanism 24, allows gas to be discharged to the
outside of the casing when the gas pressure inside the casing
reaches the threshold. Furthermore, as the gas permeability
A of the breathable component 242, the conductivity S of the
electrolyte 25, and the gas containment space V are specified
to satisfy 20 mm**ms/cm*ml<AS/V<165 mm**ms/cm*ml,
where the gas containment space V is the ratio of the
remaining value of the volume of the accommodating cavity
minus the volume of the electrolyte 25 and the volume of the
electrode assembly 23 to the capacity of the electrode
assembly 23, the conductivity of the electrolyte 25 is
improved compared to existing battery cells 20. This allows
for rapid ion migration and enhances the overall charging
capability of the battery cell, while also ensuring that the gas
generated during the fast-charging process can be timely
discharged from the breathable component 242 of the
exhaust mechanism 24, improving safety performance.
[0206] In yet still another aspect, embodiments of this
application also provide a manufacturing device 2000 of
battery cell 20, including:

[0207] a first assembly apparatus 2100, configured to
provide a housing 22, the housing 22 having an accom-
modating cavity and an opening communicating with
the accommodating cavity;

[0208] asecond assembly apparatus 2200, configured to
provide an electrode assembly 23 and load the elec-
trode assembly 23 into the accommodating cavity of
the housing 22;

[0209] a third assembly apparatus 2300, configured to
provide a cover assembly 21 and seal the opening with
the cover assembly 21, where the cover assembly 21
and the housing 22 jointly form a casing, the casing is
provided with an exhaust mechanism 24, the exhaust
mechanism 24 includes a connecting component 241
and a breathable component 242, the connecting com-
ponent 241 is configured to connect the casing, and the
breathable component 242 is configured to discharge
gas to outside of the casing when gas pressure inside
the casing reaches a threshold; and

[0210] an injection apparatus 2400, configured to inject
electrolyte 25 into the casing so that gas permeability A
of the breathable component 242, conductivity S of the
electrolyte 25, and gas containment space V satisfy 20
mm?*ms/(cm*ml)<AS/V<165 mm**ms/(cm*ml),
where the gas containment space V is a ratio of a
remaining value of volume of the accommodating
cavity minus volume of the electrolyte 25 and volume
of the electrode assembly 23 to capacity of the elec-
trode assembly 23.

[0211] The manufacturing device of battery cell 20 pro-
vided in the embodiments of this application can be used to
prepare the battery cell 20 provided in the various embodi-
ments above. The prepared battery cell 20, provided with the
exhaust mechanism 24, allows gas to be discharged to the
outside of the casing when the gas pressure inside the casing
reaches the threshold. Furthermore, as the gas permeability
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A of the breathable component 242, the conductivity S of the
electrolyte 25, and the gas containment space V are specified
to satisfy 20 mm**ms/cm*ml<AS/V<165 mm**ms/cm*ml,
where the gas containment space V is the ratio of the
remaining value of the volume of the accommodating cavity
minus the volume of the electrolyte 25 and the volume of the
electrode assembly 23 to the capacity of the electrode
assembly 23, the conductivity of the electrolyte 25 is
improved compared to existing battery cells 20. This allows
for rapid ion migration and enhances the overall charging
capability of the battery cell, while also ensuring that the gas
generated during the fast-charging process can be timely
discharged from the breathable component 242 of the
exhaust mechanism 24, improving safety performance.
[0212] It should be noted that, without conflict, the
embodiments and features in the embodiments of this appli-
cation may be combined with each other.

[0213] The above embodiments are merely intended to
illustrate the technical solutions of this application and are
not intended to limit this application. For those skilled in the
art, various changes and modifications can be made to this
application. Any modifications, equivalent replacements,
and improvements made within the spirit and principles of
this application should be included within the scope of
protection of this application.

1. A battery cell, comprising:

an electrode assembly;

a casing having an accommodating cavity for accommo-

dating the electrode assembly;

an exhaust mechanism disposed on the casing, the exhaust

mechanism comprising a connecting component and a
breathable component, wherein the connecting compo-
nent is configured to connect the casing, and the
breathable component is configured to discharge gas to
outside of the casing when gas pressure inside the
casing reaches a threshold; and

an electrolyte filled in the casing;

wherein, gas permeability A of the breathable component,

conductivity S of the electrolyte, and gas containment
space V satisfy 20 mm**ms/cm*ml<AS/V<165
mm**ms/cm*ml, wherein the gas containment space V
is equal to a ratio of a remaining value of volume of the
accommodating cavity minus volume of the electrolyte
and volume of the electrode assembly to capacity of the
electrode assembly.

2. The battery cell according to claim 1, wherein the gas
permeability A of the breathable component, the conductiv-
ity S of the electrolyte, and the gas containment space V
satisfy: 30 mm**ms/cm*ml<AS/V<90 mm?**ms/cm*ml.

3. The battery cell according to claim 1, wherein the gas
permeability A of the breathable component is greater than
or equal to 0.15 mm*Ah and less than or equal to 1.5
mm?/Ah.

4. The battery cell according to claim 3, wherein the gas
permeability A of the breathable component is greater than
or equal to 0.45 mm*Ah and less than or equal to 0.9
mm?*/Ah.

5. The battery cell according to claim 1, wherein the
conductivity S of the electrolyte is greater than or equal to
8.5 ms/cm and less than or equal to 11 ms/cm.

6. The battery cell according to claim 5, wherein the
conductivity S of the electrolyte is greater than or equal to
9 ms/cm and less than or equal to 10 ms/cm.
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7. The battery cell according to claim 1, wherein the gas
containment space V is greater than or equal to 0.1 ml/Ah
and less than or equal to 0.4 ml/Ah.

8. The battery cell according to claim 7, wherein the gas
containment space V is greater than or equal to 0.2 ml/Ah
and less than or equal to 0.35 ml/Ah.

9. The battery cell according to claim 1, wherein the
conductivity S of the electrolyte and the gas containment
space V further satisty: 20 ms/ml<S/V<110 ms/ml.

10. The battery cell according to claim 1, wherein the
connecting component has multiple first through holes, with
a connecting portion being formed between two adjacent
first through holes, the breathable component covers the
plurality of first through holes, the connecting portion is
configured to attach to the breathable component to limit
deformation of the breathable component, the breathable
component is configured to discharge gas through the plu-
rality of first through holes to the outside of the casing when
the gas pressure inside the battery cell reaches the threshold.

11. The battery cell according to claim 10, wherein the
breathable component is disposed on a side of the connect-
ing component facing the electrode assembly, and the con-
necting portion is configured to provide support force to the
breathable component when the breathable component
deforms toward the outside of the battery cell.

12. The battery cell according to claim 10, wherein the
casing and the exhaust mechanism are provided separately,
and the exhaust mechanism is connected to the casing
through the connecting component.

13. The battery cell according to claim 12, wherein the
casing has a first recess, the first recess being configured to
accommodate at least part of the exhaust mechanism.

14. The battery cell according to claim 13, wherein the
connecting component comprises a main body region and an
exhaust region, the main body region being configured to
connect the casing, the exhaust region comprising the con-
necting portion and the plurality of first through holes,
wherein one part of the breathable component is attached to
the main body region, and another part thereof is attached to
the connecting portion of the exhaust region; and

the casing has a shielding portion and a second through

hole at the bottom of the first recess, the shielding
portion being configured to shield at least part of the
exhaust region, and the second through hole being
configured to communicate with a space defined by the
first recess.

15. The battery cell according to claim 14, wherein the
shielding portion has a second recess, the second recess
recedes from the bottom surface of the first recess in a
direction leaving the breathable component, and a clearance
space is formed between the bottom surface of the second
recess and the exhaust mechanism to allow clearance for the
exhaust region.

16. The battery cell according to claim 15, wherein the
first recess recedes from the inner surface of the casing in a
direction leaving the electrode assembly, the shielding por-
tion is located on a side of the exhaust mechanism facing
away from the electrode assembly, and the second through
hole is configured to communicate the external space of the
battery cell with the first recess.

17. The battery cell according to claim 1, wherein the
casing comprises a housing and a cover assembly, the
housing has an opening, and the cover assembly closes the
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opening, one of the housing and the cover assembly being
provided with the exhaust mechanism.

18. A battery, comprising the battery cell according to
claim 1.

19. An electric apparatus, comprising the battery accord-
ing to claim 18, the battery being configured to provide
electrical energy.

20. A method for manufacturing a battery cell, compris-
ing:

providing a housing, the housing having an accommodat-

ing cavity and an opening communicating with the
accommodating cavity;

providing an electrode assembly and loading the electrode

assembly into the accommodating cavity of the hous-
ing;

providing a cover assembly and sealing the opening with

the cover assembly, wherein the cover assembly and the
housing together form a casing, the casing is provided
with an exhaust mechanism, the exhaust mechanism
comprises a connecting component and a breathable
component, the connecting component is configured to
connect the casing, the breathable component is con-
figured to discharge gas to outside of the casing when
gas pressure inside the casing reaches a threshold; and
injecting an electrolyte into the accommodating cavity so
that gas permeability A of the breathable component,
conductivity S of the electrolyte, and gas containment
space V satisfy 20 mm**ms/(cm*ml)<AS/V<165
mm**ms/(cm*ml), wherein the gas containment space
V is a ratio of a remaining value of volume of the
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accommodating cavity minus volume of the electrolyte
and volume of the electrode assembly to capacity of the
electrode assembly.

21. A manufacturing device of battery cell, comprising:

a first assembly apparatus, configured to provide a hous-
ing, the housing having an accommodating cavity and
an opening communicating with the accommodating
cavity;

a second assembly apparatus, configured to provide an
electrode assembly and load the electrode assembly
into the accommodating cavity of the housing;

a third assembly apparatus, configured to provide a cover
assembly and seal the opening with the cover assembly,
wherein the cover assembly and the housing together
form a casing, the casing is provided with an exhaust
mechanism, the exhaust mechanism comprises a con-
necting component and a breathable component, the
connecting component is configure to connect the cas-
ing, the breathable component is configured to dis-
charge gas to outside of the casing when gas pressure
inside the casing reaches a threshold; and

an injection apparatus, configured to inject an electrolyte
into the casing so that gas permeability A of the
breathable component, conductivity S of the electro-
Iyte, and gas containment space V satisfy 20 mm>*ms/
cm*ml<AS/V<165 mm**ms/cm*ml, wherein the gas
containment space V is a ratio of a remaining value of
volume of the accommodating cavity minus volume of
the electrolyte and volume of the electrode assembly to
capacity of the electrode assembly.
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