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(57) ABSTRACT

The present disclosure relates to the field of battery produc-
tion device technologies, and more particularly, to an oven
and a battery assembly line production device. The oven at
least includes a first oven unit, a second oven unit, a third
oven unit, and a fourth oven unit that are sequentially
connected in series in a conveying direction of the electrode
plate. Based on drying physical characteristics of the elec-
trode plate, the first oven unit and the third oven unit are
internally provided with air nozzles and infrared heaters for
drying the electrode plate by hot air and infrared rays. The
second oven unit and the fourth oven unit are internally
provided with the air nozzles for drying the electrode plate
by hot air.
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OVEN AND BATTERY ASSEMBLY LINE
PRODUCTION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of Inter-
national Application No. PCT/CN2022/124340, filed Oct.
10, 2022, which claims a priority to Chinese Patent Appli-
cation No. 202122902395.2, titled “OVEN AND BATTERY
ASSEMBLY LINE PRODUCTION DEVICE”, and filed on
Nov. 24, 2021, the entire contents of each of which are
incorporated herein by reference.

FIELD

[0002] The present disclosure relates to the field of battery
production device technologies, and more particularly, to an
oven and a battery assembly line production device.

BACKGROUND

[0003] In that relate art, when an electrode plate is dried at
a high speed by using an oven, if only using a hot air drying,
a slow heating is needed to prevent a surface of the electrode
plate from cracking, which cannot satisty a high-speed
drying demand. If an infrared drying is added on the basis
of the hot air drying, a drying efficiency of the electrode
plate can be improved, but adhesives on the electrode plate
are easy to float, resulting in a reduced performance of the
electrode plate and potential safety risks.

SUMMARY

[0004] Inview of the above problems, embodiments of the
present disclosure provide an oven and a battery assembly
line production device to avoid a surface cracking of an
electrode plate and a floating of adhesives on the electrode
plate, improving a performance of the electrode plate and
reducing safety risks.

[0005] According to an embodiment of the present disclo-
sure, the embodiments of the present disclosure provide the
oven for drying an electrode plate. The oven includes a first
oven unit, a second oven unit, a third oven unit, and a fourth
oven unit that are sequentially connected in series in a
conveying direction of the electrode plate. Each of oven
units is internally provided with at least one oven body
arranged in series in the conveying direction. Each of the at
least one oven body has a drying channel that extends in the
conveying direction. Each of the oven units further includes
two opposite air nozzle groups that are located in the drying
channel and respectively disposed at a first side and a second
side of the drying channel in the conveying direction. Each
of the air nozzle groups includes a plurality of air nozzles
arranged at intervals in the conveying direction. Each of the
first oven unit and the third oven unit further includes an
infrared heater group located in a corresponding drying
channel. The infrared heater group is disposed on at least one
of the first side and the second side of the drying channel.
Each infrared heater group includes a plurality of infrared
heaters arranged at intervals in the conveying direction. The
plurality of infrared heaters in each infrared heater group
and the plurality of air nozzles located at one side of the
drying channel are alternatively arranged in the conveying
direction.

[0006] In technical solutions of the embodiments of the
present disclosure, the oven at least includes the first oven
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unit, the second oven unit, the third oven unit, and the fourth
oven unit that are sequentially connected in series in the
conveying direction of the electrode plate. The oven is
divided into the first oven unit, the second oven unit, the
third oven unit, and the fourth oven unit based on drying
physical characteristics of the electrode plate. The first oven
unit and the third oven unit are internally provided with the
air nozzles and the infrared heaters for drying the electrode
plate by hot air and infrared rays. The second oven unit and
the fourth oven unit are internally provided with the air
nozzles for drying the electrode plate by hot air. In this way,
a preheating and heating of the electrode plate can be
realized in the first oven unit, and a constant-speed drying of
the electrode plate can be realized in the second oven unit.
A reduced-speed drying of the electrode plate can be real-
ized in the third oven unit and fourth oven unit, which can
reduce a floating amount of adhesives and a residual amount
of plasticizer in the electrode plate. Therefore, a quality of
the electrode plate can be guaranteed while increasing a
drying speed, which reduces the safety risks.

[0007] In one embodiment, in the first oven unit and the
third oven unit, a spacing between two adjacent air nozzles
located at one side of the drying channel is smaller than or
equal to about 80 mm. A spacing between two adjacent
infrared heaters located at one side of the drying channel is
smaller than or equal to about 80 mm. In this way, not only
can a drying rate be improved, but also an edge of the
electrode plate can be prevented from being curled and
cracked due to an excessive drying.

[0008] In one embodiment, in the first oven unit and the
third oven unit, a plane at which the electrode plate is located
is defined as a first reference plane. A distance between the
air nozzle and the first reference surface in the first direction
ranges from about 4 mm to about 200 mm, and a distance
between the infrared heater and the first reference surface in
the first direction ranges from about 20 mm to about 200
mm. The first direction is perpendicular to the conveying
direction. In this way, by arranging the air nozzles and the
infrared heaters with a certain distance from the first refer-
ence plane, the electrode plate is prevented from drying too
fast due to excessive heat under the condition that a required
drying rate is satisfied.

[0009] In one embodiment, the infrared heater has a radia-
tion width d2 relative to the electrode plate in a width
direction of the electrode plate, the air nozzle has a blowing
coverage width d3 relative to the electrode plate in the width
direction of the electrode plate, and both the radiation width
d2 and the blowing coverage width d3 are greater than a
width d1 of the electrode plate. The width direction of the
electrode plate is perpendicular to the conveying direction of
the electrode plate. Therefore, a surface of the electrode
plate can be uniformly covered by emitted heat, and unifor-
mity of drying the surface of the electrode plate can be
improved.

[0010] In one embodiment, the width d1 of the electrode
plate, a heating length d2 of the infrared heater in the width
direction of the electrode plate, and an air outlet length d3
of the air nozzle in the width direction of the electrode plate
satisfy a first predetermined condition. The first predeter-
mined condition includes: a difference between d2 and d1
ranging from about 100 mm to about 600 mm; and a
difference between d3 and d1 ranging from about 100 mm
to about 600 mm. In this way, the surface of the electrode
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plate can be guaranteed to be covered by the emitted heat,
while preventing the electrode plate from drying too fast due
to the excessive heat.

[0011] In one embodiment, in the first oven unit and the
third oven unit, the air nozzles in each of the two air nozzle
groups include air outlet nozzles and air return nozzles that
are alternatively arranged in the conveying direction of the
electrode plate. Each of the plurality of infrared heaters is
disposed between the air outlet nozzle and the air return
nozzle. In this way, drying of each stage on the electrode
plate can be uniformly controlled.

[0012] In one embodiment, in the first oven unit and the
third oven unit, the air nozzles in each of the two air nozzle
groups include air outlet nozzles, and the air outlet nozzles
and the infrared heaters are alternatively arranged in the
conveying direction. An air return opening is disposed
between the infrared heater and the air outlet nozzle. In this
way, by arranging the air return opening and avoiding a
recovery of waste heat, a situation in which a high tempera-
ture in each oven unit occurs due to a temperature runaway
in each oven unit can be prevented.

[0013] Inoneembodiment, in the second oven unit and the
fourth oven unit, the air nozzle group located above a plane
at which the electrode plate is located has an air outlet area
greater than an air outlet area of the air nozzle group located
below the plane at which the electrode plate is located. In
this way, since the air nozzle group located above the plane
at which the electrode plate is located has the air outlet area
greater than the air outlet area of the air nozzle group located
below the plane at which the electrode plate is located, an air
outlet speed can be lowered to avoid an instantaneous drying
rate being too fast. At the same time, without affecting the
drying efficiency of the electrode plate, a speed of migration
of the adhesives from a lower layer of the electrode plate to
an upper layer can be slowed down, thereby reducing the
floating amount of the adhesives.

[0014] Inone embodiment, in the second oven unit and the
fourth oven unit, a spacing between adjacent air nozzles in
the air nozzle group located above a plane at which the
electrode plate is located is equal to or smaller than about 40
mm. A spacing between adjacent air nozzles in the air nozzle
group located above a plane at which the electrode plate is
located is equal to or smaller than about 80 mm. In this way,
by setting a predetermined spacing, the air outlet area and
heat distribution can be adjusted to avoid a drying rate of the
electrode plate being too fast.

[0015] Inoneembodiment, in the second oven unit and the
fourth oven unit, the air nozzles in the air nozzle group
located above a plane at which the electrode plate is located
include at least two air outlet slits. In this way, a lower air
speed can be achieved through the air outlet slits, slowing
down the floating of the adhesives in the electrode plate.

[0016] Inone embodiment, a spacing between adjacent air
outlet slits ranges from about 1 mm to about 8 mm. In this
way, the air speed can be further reduced, slowing down the
floating of the adhesives in the electrode plate.

[0017] Inoneembodiment, in the second oven unit and the
fourth oven unit, the air nozzles in the air nozzle group
located above a plane at which the electrode plate is located
are provided with a plurality of air outlet openings. In this
way, the air outlet opening can be used to reduce the air
outlet speed and slow down the floating of the adhesives in
the electrode plate.
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[0018] In one embodiment, the air nozzle has an open
porosity ranging from about 10% to about 40%. In this way,
the air speed can be further reduced, slowing down the
floating of the adhesives in the electrode plate.

[0019] Inone embodiment, in the second oven unit and the
fourth oven unit, a plane at which the electrode plate is
located is defined as a second reference plane. A distance
between the air nozzle and the second reference plane in the
first direction ranges from about 4 mm to about 200 mm. The
first direction is perpendicular to the conveying direction. In
this way, by arranging the air nozzles at a certain distance
from the second reference plane, a more uniform drying
process is realized while maintaining the drying speed.
[0020] In one embodiment, a total air volume P in the
oven, a number n of the oven body, and an average air
volume A in each oven body satisfy following relationship:
A=P/(n-1). An air volume Al of the oven body in the first
oven unit, an air volume A2 of the oven body in the second
oven unit, an air volume A3 of the oven body in the third
oven unit, and an air volume A4 of the oven body in the
fourth oven unit satisfy a second predetermined condition.
The second predetermined condition includes: A1=(0.8~1.
5)*A; A2=(0.5~1.0)*A; A3=(0.8~1.5)*A; and A4=(0.8~1.
5)*A. In this way, a temperature of the oven can be easily
adjusted within a range from a room temperature to 180° C.,
and a quality of the oven can be guaranteed while increasing
the drying speed.

[0021] According to another embodiment of the present
disclosure, the embodiments of the present disclosure pro-
vide a battery assembly line production device including the
above-described oven. In this way, by using the oven to dry
the electrode plate, an electrode plate with better perfor-
mance can be obtained, which in turn facilitates a manufac-
ture of batteries with superior safety performance.

[0022] According to structural characteristics and the dry-
ing characteristics of the electrode plate, the embodiments of
the present disclosure divides the oven into the first oven
unit, the second oven unit, the third oven unit, and the fourth
oven unit. The air nozzles and the infrared heaters are
disposed in the first oven unit and the third oven unit,
enabling that a drying capacity of the first oven unit and the
third oven unit can be improved. The air nozzles are dis-
posed in the second oven unit and the fourth oven unit,
which enables that a cracking of the electrode plate due to
over-high temperature is avoided. On a premise that a total
length of the oven cannot be greatly increased, a proportion
of the first oven unit and the third oven unit is shortened, and
a proportion of the second oven unit is prolonged, which
enables that the product quality can be guaranteed while
increasing the drying speed.

[0023] The above description is merely an overview of the
technical solutions of the present disclosure. To facilitate a
clear understanding of technical approaches of the present
disclosure, the technical solutions can be performed in
accordance with the contents of the specification. Mean-
while, to clarify and explain the above and other objects,
features, and advantages of the present disclosure, specific
implementations of the present disclosure will be described
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Various other advantages and benefits will become
apparent to those skilled in the art after reading the detailed
description of embodiments given below. The accompany-



US 2024/0204164 Al

ing drawings are used for a purpose of illustrating the
embodiments only, rather than limiting the present disclo-
sure. Moreover, throughout the accompanying drawings,
same elements are denoted by same reference numerals. In
the accompanying drawings:

[0025] FIG. 1 is a schematic diagram of a structure of an
oven in an embodiment of the present disclosure.

[0026] FIG. 2 is a schematic diagram of a structure of an
electrode plate in an embodiment of the present disclosure.

[0027] Reference numerals in the detailed description are
as follows:
[0028] first oven unit 10; second oven unit 20; third

oven unit 30; fourth oven unit 40;

[0029] oven body 100; drying channel 110;

[0030] air nozzle 200;

[0031] infrared heater 300;

[0032] electrode plate P;

[0033] conveying direction x; first direction z; width

direction y;

[0034] first reference plane sl; second reference plane
s2;
[0035] first stage L1; second stage [.2; third stage [.3;

fourth stage [.4;

[0036] first spacing al; second spacing a2; first distance
a3; second distance a4; third spacing a5; fourth spacing
a6; third distance a7,

[0037] first contour line O1; second contour line O2.
DETAILED DESCRIPTION OF THE
EMBODIMENTS
[0038] To make the above-mentioned objects, features,

and advantages of the present disclosure more obvious and
comprehensive, a detailed description of specific embodi-
ments of the present disclosure will be given below in
conjunction with the accompanying drawings. In the fol-
lowing description, many specific details are provided to
facilitate full understanding of the present disclosure. How-
ever, the present disclosure can be implemented in many
other ways than those described herein, and similar
improvements can be made by those skilled in the art
without contradicting the intent of the present disclosure.
Therefore, the present disclosure is not limited by specific
embodiments disclosed below.

[0039] In the description of the present disclosure, it
should be understood that the orientation or the position
indicated by terms such as “over”, “below”, “bottom”,
“inner”, “outer” refer to the orientation or the position as
shown in the drawings, and is only for the convenience of
describing the present disclosure and simplifying the
description, rather than indicating or implying that the
pointed device or element must have a specific orientation,
or be constructed and operated in a specific orientation, and
therefore cannot be understood as a limitation of the present
disclosure.

[0040] In addition, terms “first” and “second” are only
used for descriptive purposes, and cannot be understood as
indicating or implying relative importance or implicitly
indicating the number of the indicated technical features.
Therefore, the features associated with “first” and “second”
may explicitly or implicitly include at least one of the
features. In the description of the present disclosure, “plu-
rality” means at least two, unless otherwise exemplarily
defined.
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[0041] In the present disclosure, unless otherwise clearly
specified and limited, terms such as “install”, “connect”,
“connect to”, “fix”” and the like should be understood in a
broad sense. For example, it may be a fixed connection or a
detachable connection or connection as one piece; mechani-
cal connection or electrical connection; direct connection or
indirect connection through an intermediate; internal com-
munication of two components or the interaction relation-
ship between two components, unless otherwise clearly
limited. For those skilled in the art, the specific meaning of
the above-mentioned terms in the present disclosure can be
understood according to specific circumstances.

[0042] In the present disclosure, unless expressly stipu-
lated and defined otherwise, the first feature “on” or “under”
the second feature may mean that the first feature is in direct
contact with the second feature, or the first and second
features are in indirect contact through an intermediate.
Moreover, the first feature “above” the second feature may
mean that the first feature is directly above or obliquely
above the second feature, or simply mean that the level of
the first feature is higher than that of the second feature. The
first feature “below™ the second feature may mean that the
first feature is directly below or obliquely below the second
feature, or simply mean that the level of the first feature is
smaller than that of the second feature.

[0043] It should be noted that when an element is said to
be “fixed to” or “disposed at” another element, it may be
directly on the other element or there may be a centered
element. When an element is said to be “attached” to another
element, it may be directly attached to the other element or
there may be both centered elements. As used herein, the
terms ‘‘vertical”, ‘“horizontal”, “top”, “bottom”, “left”,
“right”, and similar expressions are used herein for illustra-
tive purposes only and are not intended to be the only means
of implementation.

[0044] In the present disclosure, a 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 or a magnesium ion battery, etc., which
is not limited in the embodiments of the present disclosure.
The battery cell may be cylindrical, flat, cuboid or other
shapes, which is not limited in the embodiments of the
present disclosure. The battery cell is generally divided into
three types based on a packaging method: cylindrical battery
cell, prismatic battery cell, and soft-pack battery cell, which
is not limited in the embodiments of the present disclosure.
[0045] The battery referred to in the embodiments of the
present disclosure refers to a single physical module includ-
ing one or more battery cells to provide higher voltage and
capacity. For example, the battery mentioned in the present
disclosure may include a battery module or a battery pack,
etc. The battery generally included a case for enclosing one
or more battery cells. The case can prevent liquid or other
foreign matter from affecting the charging or discharging of
the battery cell.

[0046] The battery cell includes an electrode assembly and
an electrolyte, and the electrode assembly consists of a
positive electrode plate, a negative electrode plate, and a
separator. The battery cell mainly relies on metal ions
moving between the positive electrode plate and the nega-
tive electrode plate to operate. The positive electrode plate
includes a positive electrode current collector and a positive
electrode active material layer. The positive electrode active
material layer is coated on a surface of the positive electrode
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current collector. The positive electrode current collector on
which the positive electrode active material layer is not
coated protrudes from the positive electrode current collec-
tor on which the positive electrode active material layer is
coated, and the positive electrode current collector on which
the positive electrode active material layer is not coated
serves as a positive electrode tab. Taking a lithium ion
battery as an example, the positive electrode current collec-
tor may be made of aluminum, and the positive electrode
active material may be lithium cobalt, lithium iron phos-
phate, ternary lithium, lithium permanganate, or the like.
The negative electrode plate includes a negative electrode
current collector and a negative electrode active material
layer. The negative electrode active material layer is coated
on a surface of the negative electrode current collector. The
negative electrode current collector not coated with the
negative electrode active material layer protrudes from the
negative electrode current collector coated with the negative
electrode active material layer, and the negative electrode
current collector not coated with the negative electrode
active material layer serves as a negative electrode tab. The
negative electrode current collector may be made of copper,
and the negative electrode active material may be carbon,
silicon, or the like. To ensure that a large current does not
fuse, a plurality of positive electrode tabs is stacked together,
and a plurality of negative electrode tabs is stacked together.
The separator may be PP (polypropylene), PE (polyethyl-
ene) or ceramic coated with PVDF (polyvinylidene fluo-
ride).

[0047] With the development of coating technology, the
coating technology has been widely used in various techni-
cal fields, especially in battery production, which requires
coating for battery electrode plate. The oven is a major
component in the coating of battery electrode plate or in the
coating and printing of various films.

[0048] However, an inventor of the present disclosure
noticed that when drying the electrode plate at high speed by
the oven, if only a hot air drying is used, a slow heating is
required to prevent cracking on the surface of the electrode
plate, which cannot meet needs of high-speed drying. To
improve a drying efficiency of the electrode plate, an infra-
red drying can be added on the basis of the hot air drying.
But in an actual application process, when an infrared lamp
opening is full, a lamp temperature can reach more than 750°
C. Only an emitter cooler is used to cool the lamp, the
cooling is slow, and the electrode plate is easy to change
color and break in the cooling process. At the same time, the
adhesives on the electrode plate is easy to float, which
causes a performance of the electrode plate to decrease and
has potential safety risks.

[0049] Based on above considerations, to avoid problems
of the cracking on the surface of the electrode plate and the
floating of the adhesives on the electrode plate, improve the
performance of the electrode plate and reduce safety risks,
the inventor of the present disclosure has designed the oven
for drying the electrode plate through in-depth research.
[0050] The oven disclosed in the embodiments of the
present disclosure may, but is not limited to, be used for
drying the electrode plate, and may also be used with the
oven disclosed herein to form a production device (such as
a coating machine) in the battery assembly line. In this way,
a better performance of the electrode plate can be obtained,
which facilitates manufacturing a battery with more superior
safety performance.
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[0051] According to some embodiments of the present
disclosure, reference is made to FIG. 1, which shows a
schematic diagram of a structure of an oven in an embodi-
ment of the present disclosure. For ease of illustration, only
portions relevant to the embodiments of the present disclo-
sure are shown.

[0052] For ease of understanding, as shown in FIG. 1, an
upper portion of the drawing is defined as an upper portion,
and a lower portion of the drawing is defined as a lower
portion. A left portion of the drawing is defined as a left
portion, and a right portion of the drawing is defined as a
right portion. An outward portion of the drawing is defined
as a front portion, and an inward portion of the drawing is
defined as a back portion. Subsequent drawings follow the
definitions in FIG. 1. The above definitions are for illustra-
tive purposes only and are not to be construed as limiting the
present disclosure.

[0053] The embodiments of the present disclosure provide
an oven for drying an electrode plate P. The oven includes
a first oven unit 10, a second oven unit 20, a third oven unit
30, and a fourth oven unit 40 that are sequentially connected
in series in a conveying direction x (such as a left-to-right
direction as illustrated in FIG. 1) of the electrode plate P.
Each of oven units is internally provided with at least one
oven body 100 arranged in series in the conveying direction
x (as illustrated in FIG. 1 where an oven body 100 is
provided in the first oven unit 10, the second oven unit 20,
the third oven unit 30, and the fourth oven unit 40). Each of
the at least one oven body 100 has a drying channel 110 that
extends in the conveying direction x. Each of the oven units
further includes two opposite air nozzle groups that are
located in the drying channel 110 and respectively disposed
at a first side and a second side of the drying channel 110 (as
illustrated in FIG. 1 in a case of an upper side and a lower
side of the drying channel 110) in the conveying direction x.
Each of the two air nozzle groups includes a plurality of air
nozzles 200 arranged at intervals in the conveying direction
x. Each of the first oven unit 10 and the third oven unit 30
further includes an infrared heater group located in a cor-
responding drying channel 110. The infrared heater group is
disposed on at least one of the first side and the second side
of the drying channel 110. Each infrared heater group
includes a plurality of infrared heaters 300 arranged at
intervals in the conveying direction x. The plurality of
infrared heaters 300 in each infrared heater group and the
plurality of air nozzles 200 located at one side of the drying
channel 110 are alternatively arranged in the conveying
direction x. That is, the infrared heater group may be
disposed at the first side of the drying channel 110 (such as
the upper side of the drying channel 110 illustrated in FIG.
1), disposed at the second side of the drying channel 110
(such as the lower side of the drying channel 110 illustrated
in FIG. 1), or disposed at both the first side and the second
side of the drying channel 110 (such as the upper side and
the lower side of the drying channel 110 illustrated in FIG.
1). By way of example, as illustrated in FIG. 1, the infrared
heater group within the first oven unit 10 is disposed at the
lower side of the drying channel 110, and the infrared heater
group within the third oven unit 30 is disposed at the upper
side of the oven. A design can be made base on usage
requirements, and the embodiments of the present disclosure
are not exemplarily limited.

[0054] Therefore, the oven is divided into the first oven
unit 10, the second oven unit 20, the third oven unit 30, and
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the fourth oven unit 40 based on the physical characteristics
of drying of the electrode plate P, i.e., a whole drying process
is divided into a first stage [.1, a second stage [.2, a third
stage 1.3, and a fourth stage [.4. It can be understood that the
drying process of the electrode plate P located in the first
oven unit 10 is in the first stage [.1, and the drying process
of the electrode plate P located in the second oven unit 20
is in the second stage [.2. The drying process of the electrode
plate P located in the third oven unit 30 is in the third stage
L3, and the drying process of the electrode plate P located
in the fourth oven unit 40 is in the fourth stage [.4. The first
oven unit 10 and the third oven unit 30 are provided with the
air nozzles 200 and the infrared heaters 300 for drying the
electrode plate P by hot air and infrared rays. The second
oven unit 20 and the fourth oven unit 40 are provided with
the air nozzles 200 for drying the electrode plate P by hot air.
The first stage L1 is a preheating stage, in which the infrared
heater 300 can increase a drying rate and the surface of the
electrode plate P is in a wet film state. The adhesive
distribution in the electrode plate P is relatively uniform at
this stage. The second stage [.2 is a constant-speed drying
stage, in which the surface of the electrode plate P is in a
mixed state of dry film and wet film. Moisture loss is
relatively large in this stage. Since a particle size of the
adhesive is smaller than that of graphite, if moisture evapo-
rates too fast, the adhesive will also migrate upward rapidly,
so only the air nozzle 200 is provided in the second oven unit
20. The third stage L3 is a first speed-reduction drying stage,
in which the moisture of the electrode plate P is basically
volatilized and the surface of the electrode plate P is
basically in a dry state. The infrared rays have penetrability,
which can vibrate molecules in the plasticizer in the elec-
trode plate P, thereby increasing a volatility of the plasticizer
and preventing volatile plasticizer from remaining in the
electrode plate P to affect the electrical performance of the
battery. The fourth stage [.4 is a second speed-reduction
drying stage, and the electrode plate P is in the drying stage.
Only the air nozzle 200 is provided to avoid cracking due to
excessive temperature when the electrode plate P is out of
the oven. In this way, the preheating and temperature raising
of the electrode plate P can be realized in the first oven unit
10 The constant-speed drying of the electrode plate P can be
realized in the second oven unit 20. The reduced-speed
drying of the electrode plate P can be realized in the third
oven unit 30 and the fourth oven unit 40. The floating
amount of the adhesives and the residual amount of the
plasticizer in the electrode plate P can be reduced, and the
quality of the electrode plate P can be ensured while
increasing the drying speed, which reduces the safety risks.

[0055] It should be noted that “the plurality of infrared
heaters 300 in each infrared heater group and the plurality of
air nozzles 200 located at one side of the drying channel 110
are alternatively arranged in the conveying direction x”
includes a case where the infrared heater 300, the air nozzle

200, the infrared heater 300, the air nozzle 200, . . . are
alternately arranged in this order.
[0056] In some embodiments, referring to FIG. 1, in the

first oven unit 10 and the third oven unit 30, a spacing
between two adjacent air nozzles 200 located at one side of
the drying channel 110 is a first spacing al. A spacing
between two adjacent infrared heaters 300 located at one
side of the drying channel 110 is a second spacing a2. Both
the first spacing al and the second spacing a2 are smaller
than or equal to about 80 mm. In this way, not only can the
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drying rate be improved, but also an edge of the electrode
plate P can be prevented from being curled and cracked due
to excessive drying.

[0057] In some embodiments, referring to FIG. 1, in the
first oven unit 10 and the third oven unit 30, a plane at which
the electrode plate P is located is defined as a first reference
plane s1. A distance between the air nozzle 200 and the first
reference surface sl in the first direction z is a first distance
a3, and a distance between the infrared heater 300 and the
first reference surface s1 in the first direction z is a second
distance a4. The first distance a3 ranges from about 4 mm to
about 200 mm, and the second distance a4 ranges from about
20 mm to about 200 mm. The first direction z is perpen-
dicular to the conveying direction X, i.e. the vertical direc-
tion illustrated in FIG. 1. In this way, by arranging the air
nozzles 200 and the infrared heaters 300 with a certain
distance from the first reference plane s1, the electrode plate
P is prevented from drying too fast due to excessive heat
under the condition that a required drying rate is satisfied.
[0058] FIG. 2 is a schematic diagram of a structure of an
electrode plate P according to an embodiment of the present
disclosure. For ease of illustration, only portions relevant to
embodiments of the present disclosure are shown.

[0059] In some embodiments, referring to FIG. 2 in con-
junction with FIG. 1, the infrared heater 300 has a radiation
width d2 relative to the electrode plate P (i.e., a front-rear
direction illustrated in FIG. 2) in a width direction y of the
electrode plate P, the air nozzle 200 has a blowing coverage
width d3 relative to the electrode plate P in the width
direction y of the electrode plate P, both the radiation width
d2 and the blowing coverage width d3 are greater than a
width d1 of the electrode plate P. The width direction y of the
electrode plate P is perpendicular to the conveying direction
x of the electrode plate P. Therefore, a surface of the
electrode plate P can be uniformly covered by emitted heat,
and uniformity of drying the surface of the electrode plate P
can be improved. In particular to some embodiment, the
width d1 of the electrode plate P, a radiation width d2 of the
infrared heater 300 in the width direction y of the electrode
plate P, and a blowing coverage width d3 of the air nozzle
200 in the width direction y of the electrode plate P satisfy
a first predetermined condition. The first predetermined
condition includes: a difference between d2 and d1 ranging
from about 100 mm to about 600 mm; and a difference
between d3 and d1 ranging from about 100 mm to about 600
mm. In this way, the surface of the electrode plate can be
guaranteed to be covered by the emitted heat, while pre-
venting the electrode plate from drying too fast due to the
excessive heat.

[0060] It should be noted that the “radiation width” refers
to that the infrared rays emitted by the infrared heater 300
can reach the electrode plate P in the width direction y and
cover a corresponding width direction portion on the elec-
trode plate P. That is to say, an orthographic projection of the
infrared rays emitted by the infrared heater 300 on a plane
where the electrode plate P is located can cover the corre-
sponding width direction portion on the electrode plate P.
The “blowing coverage width” means that air blown from
the air nozzle 200 can reach the electrode plate P in the width
direction y and cover a corresponding width direction por-
tion on the electrode plate P. That is to say, an orthographic
projection of the air blown from the air nozzle 200 on a plane
where the electrode plate P is located can cover the corre-
sponding width direction portion on the electrode plate P. It
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can be understood that the electrode plate P has a first
contour line O1 and a second contour line O2 in the width
direction y, and a portion of the electrode plate P located
between the first contour line O1 and the second contour line
02 can be covered by infrared rays emitted from the infrared
heater 300 and air blown from the nozzle 200.

[0061] Further research by the inventor of the present
disclosure shows, in the related art, that heated air enters the
oven through an air duct, and then is distributed to each air
outlet nozzle for air outlet. After passing through the elec-
trode plate P, the air is recovered through a return air nozzle.
Recovered air is partially discharged out of the oven. The
recovered air partially enters a heat exchanger, and enters the
oven again after being heated by the heat exchanger. An air
return opening of the oven is disposed at a top of the oven,
and each oven body 100 is usually provided with an air
return opening. Because it is easy to generate a temperature
runaway in the oven, the temperature in the oven can only
be adjusted in a range from 90° C. to 180° C. To achieve a
good drying process of the electrode plate P in each stage,
the temperature in the oven is usually adjustable in a range
from room temperature to 180° C., achieving a constant-
speed drying in a drying process of the second stage [.2 and
a reduced-speed drying in a drying process of the fourth
stage [.4.

[0062] Therefore, please continue to refer to FIG. 1. In one
embodiment, in the first oven unit 10 and the third oven unit
30, the air nozzles 200 in each of the two air nozzle groups
include air outlet nozzles and air return nozzles that are
alternatively arranged in the conveying direction x. Each of
the plurality of infrared heaters 300 is disposed between the
air outlet nozzle and the air return nozzle. In this way, drying
of each stage on the electrode plate can be uniformly
controlled. In some other embodiments, in the first oven unit
10 and the third oven unit 30, the air nozzles 200 in each of
the two air nozzle groups include air outlet nozzles that are
alternatively arranged with the infrared heaters 300 in the
conveying direction x. An air return opening is disposed
between the infrared heater 300 and the air outlet nozzle. In
this way, by arranging the air return opening and avoiding a
recovery of waste heat, a situation in which a high tempera-
ture in each oven unit occurs due to a temperature runaway
in each oven unit can be prevented. Of course, in other
embodiments, in the first oven unit 10 and the third oven unit
30, each of the air nozzles 200 may integrate functions of air
outlet and air return. In this way, an adjustable temperature
range in the oven can be widened, and the adhesive floating
amount of the electrode plate P can be reduced by adjusting
the temperature in the oven.

[0063] In some embodiment, please continue to refer to
FIG. 1. In the second oven unit 20 and the fourth oven unit
40, the air nozzle group located above a plane at which the
electrode plate P is located has an air outlet area greater than
an air outlet area of the air nozzle group located below the
plane at which the electrode plate P is located. In this way,
since the air nozzle group located above the plane at which
the electrode plate P is located has the air outlet area greater
than the air outlet area of the air nozzle group located below
the plane at which the electrode plate P is located, an air
outlet speed can be lowered to avoid an instantaneous drying
rate being too fast. At the same time, without affecting the
drying efficiency of the electrode plate, a speed of migration
of the adhesives from a lower layer of the electrode plate to
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an upper layer can be slowed down, thereby reducing the
floating amount of the adhesives.

[0064] It should be noted that a number of air nozzles in
the air nozzle group located above the plane where the
electrode plate P is located may be greater than, less than or
equal to a number of air nozzles in the air nozzle group
located below the plane where the electrode plate P is
located. For example, if the air outlet area of each of the air
nozzles 200 in the air nozzle group located above the plane
where the electrode plate P is located is greater than the air
outlet area of each of the air nozzles 200 in the air nozzle
group located below the plane where the electrode plate P is
located, the number of air nozzles in the air nozzle group
located above the plane where the electrode plate P is located
may be at least greater than or equal to the number of air
nozzles 200 in the air nozzle group located below the plane
where the electrode plate P is located. The number of air
nozzles 200 in each air nozzle group is related to a corre-
sponding air outlet area. As long as the air outlet area of the
air nozzle group located above the plane where the electrode
plate P is located is greater than the air outlet area of the air
nozzle group located below the plane where the electrode
plate P is located, which is not exemplarily limited in the
embodiment of the present disclosure.

[0065] In some embodiments, please continue to refer to
FIG. 1. In the second oven unit 20 and the fourth oven unit
40, a spacing between adjacent air nozzles 200 in the air
nozzle group located above a plane at which the electrode
plate P is located is a third spacing a5. A spacing between
adjacent air nozzles 200 in the air nozzle group located
above a plane at which the electrode plate P is located is a
fourth spacing a6. The third spacing a5 is smaller than or
equal to about 40 mm, and the fourth spacing a6 is smaller
than or equal to about 80 mm. In this way, by setting a
predetermined spacing, the air outlet area and heat distribu-
tion can be adjusted to avoid a drying rate of the electrode
plate being too fast.

[0066] In some embodiments, in the second oven unit 20
and the fourth oven unit 40, the air nozzles 200 in the air
nozzle group located above a plane at which the electrode
plate P is located include at least two air outlet slits. In this
way, a lower air speed can be achieved through the air outlet
slits, slowing down the floating of the adhesives in the
electrode plate. In particular embodiments, a spacing
between adjacent air outlet slits ranges from about 1 mm to
about 8 mm. In this way, the air speed can be further
reduced, slowing down the floating of the adhesives in the
electrode plate P. In other embodiments, in the second oven
unit 20 and the fourth oven unit 40, the air nozzles 200 in the
air nozzle group located above a plane at which the electrode
plate P is located are provided with a plurality of air outlet
openings. That is, an air outlet position of the air nozzle 200
has a mesh-like structure. In this way, the air outlet opening
can be used to reduce the air outlet speed and slow down the
floating of the adhesives in the electrode plate P. In particular
embodiments, the air nozzle 200 has an open porosity
ranging from about 10% to about 40%. In this way, the air
speed can be further reduced, slowing down the floating of
the adhesives in the electrode plate P. Since the mesh
structure has a larger air outlet surface, an effect of reducing
air speed is better than that of air outlet slits. In some
embodiments, the air nozzle 200 with the mesh structure at
the air outlet position may be selected.



US 2024/0204164 Al

[0067] In some embodiments, referring to FIG. 1, in the
second oven unit 20 and the fourth oven unit 40, a plane at
which the electrode plate P is located is defined as a second
reference plane s2. A distance between the air nozzle 200
and the second reference plane s2 in the first direction z is
a third distance a7 ranging from about 4 mm to about 200
mm. The first direction z (i.e. a vertical direction illustrated
in FIG. 1) is perpendicular to the conveying direction x. In
this way, by arranging the air nozzles 200 at a certain
distance from the second reference plane s2, a more uniform
drying process is realized while maintaining the drying
speed.

[0068] In some embodiments, referring to FIG. 1, a total
air volume Pin the oven, a number n of the oven body 100,
and an average air volume A in each oven body 100 satisfy
following relationship: A=P/(n-1). An air volume Al of the
oven body 100 in the first oven unit 10, an air volume A2 of
the oven body 100 in the second oven unit 20, an air volume
A3 of the oven body 100 in the third oven unit 30, and an
air volume A4 of the oven body 100 in the fourth oven unit
40 satisfy a second predetermined condition. The second
predetermined condition includes: A1=(0.8~1.5)*A; A2=(0.
5~1.0)*A; A3=(0.8~1.5)*A; and A4=(0.8~1.5)*A. In this
way, by controlling the air volume in each oven body 100,
it is convenient to adjust the temperature of the oven within
a range from room temperature to 180° C., and the product
quality can be ensured while increasing the drying speed.
[0069] In some embodiments, the infrared heater 300
includes an infrared lamp tube. The infrared lamp tube is one
of short wave, carbon medium wave and far infrared lamp
tubes, which can be selected based on actual use require-
ments.

[0070] It should be noted that the plane on which the
electrode plate P is located, the first reference plane s1, and
the second reference plane s2 all refer to a position of the
electrode plate P in the drying channel 110 during the
conveying process. As an example, FIG. 1 illustrates that the
plane on which the electrode plate P is located, the first
reference plane s1 and second reference plane s2 are the
same plane.

[0071] According to some embodiments of the present
disclosure, the embodiments of the present disclosure pro-
vide a battery assembly line production device including the
oven. As described above, since the oven is used to dry the
electrode plate P, it is possible to obtain an electrode plate P
with better performance, and it is further convenient to
manufacture a battery with more excellent safety perfor-
mance.

[0072] To sum up, in the oven provided by the embodi-
ments of the present disclosure, each of the first oven unit 10
and the second oven unit 20 has the infrared heater 300. In
this way, the drying rate can be improved, which is equiva-
lent to shortening a length of the first oven unit 10 and the
second oven unit 20, and correspondingly lengthening the
length of the second oven unit 20. The fourth oven unit 40
does not need to be provided with the infrared heater, and
only the air nozzle 200 is provided, which enables that the
electrode plate P can be at a reduced speed and the cracking
due to excessive temperature after the electrode plate P exits
the oven can be avoided. At the same time, by setting an air
volume in each of the oven units and setting an independent
air return structure, the temperature in the oven can be
adjusted within the range from room temperature to 180° C.,
and the floating amount of the adhesive in the electrode plate
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P can be reduced. In addition, in the second oven unit 20 and
the fourth oven unit 40, an air outlet area of the air nozzle
group in an upper row is larger than that of the air nozzle
group in a lower row, which enables that the air outlet area
can be increased, the air outlet speed can be reduced, and an
instantaneous drying rate can be prevented from being too
fast. Therefore, the oven provided by the embodiments of
the present disclosure can not only improve the drying rate
of the electrode plate P, but also ensure the quality of the
electrode plate P and reduce the safety risks.

[0073] In order to make the description simple, all pos-
sible combinations of the technical features in the foregoing
embodiments are not described. However, as long as there is
no conflict between the technical features in the embodi-
ments, any combination of technical features in the above-
described embodiments may be adopted, which should be
considered in the scope of this specification.

[0074] The above embodiments illustrate merely some
implementations of the present disclosure, which are
described in details but are not construed to limit the scope
of the present disclosure. It should be pointed that, for those
skilled in the art, without departing from the principle of the
present disclosure, various changes and improvements may
be made, which are covered by the protection scope of the
present disclosure. Therefore, the protection scope of the
present disclosure is according to the appended claims.

What is claimed is:

1. An oven for drying an electrode plate, the oven com-
prising a first oven unit, a second oven unit, a third oven unit,
and a fourth oven unit that are sequentially connected in
series in a conveying direction of the electrode plate,
wherein:

each of the first oven unit, the second oven unit, the third

oven unit, and the fourth oven unit is internally pro-
vided with at least one oven body arranged in series in
the conveying direction, each of the at least one oven
body having a drying channel that extends in the
conveying direction;

each of the first oven unit, the second oven unit, the third

oven unit, and the fourth oven unit further comprises
two opposite air nozzle groups that are located in the
drying channel and respectively disposed at a first side
and a second side of the drying channel in the convey-
ing direction, each of the two air nozzle groups com-
prising a plurality of air nozzles arranged at intervals in
the conveying direction;

each of the first oven unit and the third oven unit further

comprises at least one infrared heater group located in
a corresponding drying channel, the at least one infra-
red heater group being disposed on at least one of the
first side and the second side of the drying channel, and
each of the at least one infrared heater group compris-
ing a plurality of infrared heaters arranged at intervals
in the conveying direction; and

the plurality of infrared heaters in each infrared heater

group and the plurality of air nozzles located at one side
of the drying channel are alternatively arranged in the
conveying direction.

2. The oven according to claim 1, wherein in the first oven
unit and the third oven unit:

a spacing between two adjacent air nozzles located at one

side of the drying channel is smaller than or equal to
about 80 mm; and
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a spacing between two adjacent infrared heaters located at
one side of the drying channel is smaller than or equal
to about 80 mm.

3. The oven according to claim 1, wherein in the first oven
unit and the third oven unit, a plane at which the electrode
plate is located is defined as a first reference plane, a distance
between the plurality of air nozzles and the first reference
surface in a first direction ranging from about 4 mm to about
200 mm, and a distance between the plurality of infrared
heaters and the first reference surface in the first direction
ranging from about 20 mm to about 200 mm, and the first
direction being perpendicular to the conveying direction.

4. The oven according to claim 1, wherein each of the
plurality of infrared heaters has a radiation width d2 relative
to the electrode plate in a width direction of the electrode
plate, and each of the plurality of air nozzles has a blowing
coverage width d3 relative to the electrode plate in the width
direction of the electrode plate, both the radiation width d2
and the blowing coverage width d3 being greater than a
width d1 of the electrode plate, and the width direction of the
electrode plate being perpendicular to the conveying direc-
tion of the electrode plate.

5. The oven according to claim 4, wherein the width d1 of
the electrode plate, the radiation width d2 of each of the
plurality of infrared heaters in the width direction of the
electrode plate, and the blowing coverage width d3 of each
of the plurality of air nozzles in the width direction of the
electrode plate satisfy a first predetermined condition,
wherein the first predetermined condition comprises a dif-
ference between d2 and d1 ranging from about 100 mm to
about 600 mm and a difference between d3 and d1 ranging
from about 100 mm to about 600 mm.

6. The oven according to claim 1, wherein in the first oven
unit and the third oven unit, the plurality of air nozzles in
each of the two air nozzle groups comprise air outlet nozzles
and air return nozzles that are alternatively arranged in the
conveying direction of the electrode plate, each of the
plurality of infrared heaters being disposed between a cor-
responding air outlet nozzle and a corresponding air return
nozzle.

7. The oven according to claim 1, wherein in the first oven
unit and the third oven unit, the plurality of air nozzles in
each of the two air nozzle groups comprise air outlet
nozzles, the air outlet nozzles and the infrared heaters being
alternatively arranged in the conveying direction, one air
return inlet being disposed between a corresponding infrared
heater and a corresponding the air outlet nozzle.

8. The oven according to claim 1, wherein in the second
oven unit and the fourth oven unit, an air nozzle group of the
two air nozzle groups located above a plane at which the
electrode plate is located has an air outlet area greater than
an air outlet area of an air nozzle group of the two air nozzle
groups located below the plane at which the electrode plate
is located.
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9. The oven according to claim 1, wherein in the second
oven unit and the fourth oven unit:

a spacing between adjacent air nozzles in an air nozzle
group of the two air nozzle groups located above a
plane at which the electrode plate is located is equal to
or smaller than about 40 mm; and

a spacing between adjacent air nozzles in an air nozzle
group of the two air nozzle groups located above the
plane at which the electrode plate is located is equal to
or smaller than about 80 mm.

10. The oven according to claim 1, wherein in the second
oven unit and the fourth oven unit, a plurality of air nozzles
in an air nozzle group of the two air nozzle groups located
above a plane at which the electrode plate is located com-
prise at least two air outlet slits.

11. The oven according to claim 10, wherein a spacing
between adjacent air outlet slits ranges from about 1 mm to
about 8§ mm.

12. The oven according to claim 1, wherein in the second
oven unit and the fourth oven unit, each of a plurality of air
nozzles in an air nozzle group of the two air nozzle groups
located above a plane at which the electrode plate is located
has a plurality of air outlet openings.

13. The oven of claim 12, wherein the air nozzle has an
open porosity ranging from about 10% to about 40%.

14. The oven according to claim 1, wherein in the second
oven unit and the fourth oven unit, a plane at which the
electrode plate is located is defined as a second reference
plane, a distance between the plurality of air nozzles and the
second reference plane in a first direction ranging from
about 4 mm to about 200 mm, and the first direction being
perpendicular to the conveying direction.

15. The oven according to claim 1, wherein:

a total air volume P in the oven, a number n of the oven
body, and an average air volume A in each oven body
satisfy A=P/(n—1); and

an air volume A1 of the oven body in the first oven unit,
an air volume A2 of the oven body in the second oven
unit, an air volume A3 of the oven body in the third
oven unit, and an air volume A4 of the oven body in the
fourth oven unit satisfy a second predetermined con-
dition, the second predetermined condition comprising:

Al =(08~1.5)x4;
A2 =(0.5~1.0)% 4;
A3 = (0.8~1.5) % 4; and

A4 =(0.8~1.5)x 4.

16. A battery assembly line production device, comprising
the oven according to claim 1.

* * * * *



