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Description

FIELD OF THE INVENTION

[0001] This invention relates to injection of an electro-
lyte into a battery case.

BACKGROUND OF THE INVENTION

[0002] JP09-102443A, published by the Japan Patent
Office in 1997, discloses an electrolyte injection method
which, in order to inject an electrolyte into a battery case
efficiently, promotes infiltration of the electrolyte into gaps
between electrode groups by injecting the electrolyte into
the battery case in a decompressed atmosphere.

SUMMARY OF THE INVENTION

[0003] In a decompressed atmosphere, a volume of
gas dissolved in the electrolyte expands rapidly such that
air bubbles form easily. Therefore, the electrolyte must
be injected slowly to prevent the air bubbles formed there-
in from causing the electrolyte to overflow the battery
case.
[0004] In other words, although the prior art promotes
infiltration of the electrolyte into the gaps between the
electrode groups, it is not always possible to reduce an
injection time.
[0005] It is therefore an object of this invention to re-
duce a time required to inject an electrolyte into a battery
case reliably.
[0006] In order to achieve this object, an electrolyte
injection device according to this invention comprises a
sealed decompression chamber, and a liquid injection
nozzle that injects the electrolyte into the battery case
disposed in the decompression chamber. The electrolyte
injection device further comprises an aeration tank that
exposes the electrolyte supplied to the liquid injection
nozzle to a pressure in the decompression chamber.
[0007] The details as well as other features and ad-
vantages of this invention are set forth in the remainder
of the specification and are shown in the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a schematic diagram of an electrolyte in-
jection device according to this invention.
FIG. 2 is an exploded perspective view of a lithium
ion secondary battery.
FIG. 3 is a perspective view of a battery main body.
FIG. 4 is a side view of the lithium ion secondary
battery.
FIG. 5 is a schematic longitudinal sectional view of
an aeration tank provided in the electrolyte injection
device.

FIG. 6 is a schematic longitudinal sectional view of
a degassing module provided in the electrolyte in-
jection device.
FIG. 7 is a partial longitudinal sectional view of a
degassing pipe, illustrating a degassing process per-
formed in the degassing module.
FIGS. 8A-8G are timing charts illustrating an elec-
trolyte injection operation performed by the electro-
lyte injection device.
FIG. 9 is a schematic diagram of an electrolyte in-
jection device according to another embodiment of
this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009] Referring to FIG. 1 of the drawings, an electro-
lyte injection device 1 injects an electrolyte 20 into a bat-
tery case 12 of a lithium ion secondary battery 10 held
by a holding jig 3.
[0010] The electrolyte injection device 1 comprises a
decompression chamber 2 formed from a sealed con-
tainer, a decompression line 5 that decompresses an in-
terior of the decompression chamber 2, an atmospheric
air introduction line 6 that returns the interior of the de-
compression chamber 2 to atmospheric pressure from a
decompressed condition, and an electrolyte supply line
8 that supplies the electrolyte 20 to the decompression
chamber 2. The electrolyte injection device 1 also com-
prises a liquid injection mechanism 4 that is provided in
the decompression chamber 2 to decompress the elec-
trolyte 20 supplied from the electrolyte supply line 8 and
inject the decompressed electrolyte 20 into the battery
case 12. Further, the electrolyte injection device 1 com-
prises a control device 7 that is provided on an outside
of the decompression chamber 2 to control the decom-
pression line 5, the atmospheric air introduction line 6,
the electrolyte supply line 8, and the liquid injection mech-
anism 4.
[0011] Referring to FIG. 2, the lithium ion secondary
battery 10 comprises a battery main body 11 provided
with a positive electrode collector portion 103a and a neg-
ative electrode collector portion 103b, a battery case 12
that is formed from laminate film and houses the battery
main body 11, a positive electrode tab 104a electrically
connected to the positive electrode collector portion
103a, and a negative electrode tab 104b electrically con-
nected to the negative electrode collector portion 103b.
[0012] Referring to FIG. 3, the battery main body 11 is
constituted by a laminated body of cells formed by lam-
inating a positive electrode plate and a negative electrode
plate via a separator. In the following description, an end
surface of the battery main body 11 relative to a cell lam-
ination direction will be referred to as a laminated end
surface 11 a, and an outer peripheral surface of the bat-
tery main body 11 excluding the laminated end surface
11a will be referred to as a laminated side face 11b.
[0013] Referring again to FIG. 2, the positive electrode
plate is constituted by aluminum foil coated onto a pos-
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itive electrode. The negative electrode plate is constitut-
ed by copper foil coated onto a negative electrode. A
metallic film piece 43 not coated with an electrode ma-
terial, which is drawn to the outside from a cell lamination
region, is connected respectively to the positive electrode
plate and the negative electrode plate of each cell.
[0014] The positive electrode collector portion 103a is
formed by welding together the metallic film pieces 43 of
the positive electrode plates in all of the cells through
ultrasonic welding. The positive electrode tab 104a is
likewise welded to the positive electrode collector portion
103a by ultrasonic welding.
[0015] The negative electrode collector portion 103b
is formed by welding together the metallic film pieces 43
of the negative electrode plates in all of the cells through
ultrasonic welding. The negative electrode tab 104b is
likewise welded to the negative electrode collector por-
tion 103b by ultrasonic welding.
[0016] In the lithium ion secondary battery 10, dis-
charge from each cell and storage in each cell are per-
formed via the positive electrode tab 104a and the neg-
ative electrode tab 104b.
[0017] The battery case 12 is constituted by two lam-
inate films. The laminate film is constituted by a laminated
body including a thermally adhesive resin layer having a
thermal adhesion property, a metallic layer, and a pro-
tection layer. The laminate film is used in a condition
where the thermally adhesive resin layer opposes the
battery main body 11. Polypropylene (PP) is used for the
thermally adhesive resin layer.
[0018] A recessed portion 12e for housing the battery
main body 11 is formed in advance in one of the laminate
films. The battery case 12 is formed by adhering the two
laminate films to each other with the battery main body
11 housed in the recessed portion 12e, and then ther-
mally welding the four sides. It should be noted, however,
that first, three sides are thermally welded with the battery
main body 11 housed in the recessed portion 12e, and
a remaining side is thermally welded after injecting an
electrolyte into the battery case 12 through an opening
portion in the remaining side.
[0019] Instead of forming the recessed portion 12e in
the laminate film, two flat laminate films may be adhered
to each other so as to envelop the battery main body 11,
whereby the battery main body 11 is housed in a space
formed by deformation of the laminate films.
[0020] Referring to FIG. 4, another configuration of the
battery case 12 will be described.
[0021] Here, a single laminate film is folded in half so
as to envelop the battery main body 11. In this condition,
a bottom side 12b of the battery case 12 serves as a
folded back side of the laminate film. An adhesion portion
12f in which contacting parts of the laminate film are ther-
mally welded to each other is provided on two sides 12c
and 12d on left and right sides of the figure, from among
the other three sides, and as a result, a bag-shaped bat-
tery case 12 is formed. A remaining side 12a of the battery
case 12, which corresponds to an upper end in the figure,

is left open.
[0022] The electrolyte 20 is injected into the battery
case 12 through the opening portion in the side 12a to-
ward the interior of the battery case 12. Following injec-
tion of the electrolyte 20, the battery case 12 is sealed
by thermally welding the side 12a.
[0023] The material of the battery case 12 is not limited
to laminate film. The battery case 12 may be made of
metal.
[0024] Referring again to FIG. 1, the electrolyte 20 is
constituted by an electrolyte having, for example, 1
mol/liter of lithium hexafluorophosphate (LiPF6) or lithi-
um tetrafluoroborate (LiBF4) as a supporting electrolyte,
and propylene carbonate and ethylene carbonate mixed
at a mass ratio of 50:50 as a mixed solvent.
[0025] The decompression chamber 2 comprises a
door 21. The door 21 is provided to introduce the battery
case 12 housing the batter main body 11 into the decom-
pression chamber 2 together with the holding jig 3 and
remove the battery case 12 from the decompression
chamber 2 together with the holding jig 3 following injec-
tion of the electrolyte. To avoid misunderstanding, it
should be noted that a rectangle indicated by the refer-
ence numeral 21 in the figure denotes a door provided
in a wall surface of the decompression chamber 2 behind
the battery case 12 rather than a container covering the
battery case 12. An introduction path and a removal path
for the battery case 12 are provided on the outside of the
door 21. The door 21 is opened and closed when the
interior of the decompression chamber 2 is at atmospher-
ic pressure. When closed, the door 21 maintains the in-
terior of the decompression chamber 2 in an airtight con-
dition.
[0026] The battery case 12 is introduced into the de-
compression chamber 2, filled with the electrolyte in the
decompression chamber 2, and removed from the de-
compression chamber 2 while held by the holding jig 3.
The holding jig 3 sandwiches two surfaces of the battery
case 12 covering the laminated end surfaces 11a of the
battery main body 11 and holds the battery case 12 such
that the opening portion in the side 12a is oriented up-
ward.
[0027] The decompression line 5 comprises a vacuum
pump 5b driven by an electric motor 5c, and a valve 5a
that connects the vacuum pump 5b to the decompression
chamber 2. By operating the vacuum pump 5b in a con-
dition where the valve 5a is open, the decompression
line 5 decompresses the interior of the decompression
chamber 2.
[0028] The atmospheric air introduction line 6 compris-
es a valve 6a that connects the decompression chamber
2 to the atmosphere. By opening the valve 6a such that
atmospheric air is introduced into the decompressed de-
compression chamber 2, the atmospheric air introduction
line 6 raises an internal pressure of the decompression
chamber 2 from a vacuum condition to an atmospheric
pressure condition. It should be noted that the valve 6a
may connect the decompression chamber 2 to a storage
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tank storing dry air or an inert gas instead of connecting
the decompression chamber 2 to the atmosphere.
[0029] The electrolyte supply line 8 comprises a stor-
age tank 41 storing the electrolyte 20, a feed pump 43
that pressurizes the electrolyte 20 in the storage tank 41
and supplies the pressurized electrolyte 20 into the de-
compression chamber 2, and an electric motor 42 that
drives the feed pump 43.
[0030] The liquid injection mechanism 4 provided in
the decompression chamber 2 comprises an aeration
tank 44, a degassing module 45, and a liquid injection
nozzle 46.
[0031] Referring to FIG. 5, the aeration tank 44 re-
moves air from the electrolyte 20 supplied to the decom-
pression chamber 2 from the feed pump 43 by exposing
the electrolyte 20 to the atmosphere in the decompres-
sion chamber 2. For this purpose, the aeration tank 44
comprises an inflow port 44b through which the electro-
lyte 20 from the feed pump 43 flows in, and an opening
portion 44a formed in an upper end of the decompression
chamber 2. The electrolyte 20 supplied from the feed
pump 43 is stored temporarily in the aeration tank 44. As
a result, an inside of the aeration tank 44 is separated
into a liquid phase below a liquid level of the electrolyte
20 and a gas phase above the liquid level. An outflow
port 44c that communicates with the degassing module
45 is formed in a position of the aeration tank 44 facing
the liquid phase.
[0032] The electrolyte 20 that flows into the aeration
tank 44 through the inflow port 44b is exposed to the
atmosphere in the decompression chamber 2, which is
introduced into the aeration tank 44 above the liquid
phase through the opening portion 44a, via the liquid level
in the aeration tank 44. As a result, a liquid pressure of
the electrolyte 20 is reduced until equal to the pressure
of the atmosphere in the decompression chamber 2. In
other words, when the decompression chamber 2 is at
atmospheric pressure, the electrolyte 20 in the aeration
tank 44 also reaches atmospheric pressure, and when
the decompression chamber 2 is at negative pressure,
the electrolyte 20 in the aeration tank 44 also reaches
negative pressure.
[0033] A volume of the aeration tank 44 is preferably
set to be sufficient to enable storage of an amount of
electrolyte to be injected into the battery case 12. The
electrolyte 20 is supplied from the feed pump 43 into the
aeration tank 44 every time the battery case 12 is intro-
duced into the decompression chamber 2, for example.
[0034] Referring again to FIG. 1, the degassing module
45 is connected to the outflow port 44c of the aeration
tank 44 to perform further gas-liquid separation using a
gas permeable membrane on the electrolyte 20 subject-
ed to air removal and pressure regulation in the aeration
tank 44.
[0035] Referring to FIG. 6, the degassing module 45
comprises an inlet chamber 45a that communicates with
the outflow port 44c of the aeration tank 44, an outlet
chamber 45b, and a plurality of degassing pipes 45c that

connect the inlet chamber 45a and the outlet chamber
45b. The degassing module 45 also comprises an airtight
chamber 45e housing the plurality of degassing pipes
45c, and a check valve 45d that connects the airtight
chamber 45e to the atmosphere in the decompression
chamber 2. The check valve 45d allows air to flow out of
the airtight chamber 45e into the decompression cham-
ber 2 but prevents air from flowing into the airtight cham-
ber 45e from the decompression chamber 2. An internal
pressure of the airtight chamber 45e is maintained at or
below the pressure in the decompression chamber 2 at
all times by the check valve 45d. The airtight chamber
45e is maintained in a decompressed condition even
when the pressure in the decompression chamber 2 is
raised to atmospheric pressure by the atmospheric air
introduction line 6.
[0036] The degassing pipes 45c are constituted by res-
in hollow fiber gas permeable membranes. The hollow
fiber gas permeable membranes are non-porous and
have a property for transmitting small-sized, highly motile
gas molecules.
[0037] Referring to FIG. 7, in the electrolyte traveling
from the inlet chamber 45a toward the outlet chamber
45b through the degassing pipes 45c disposed in the
constantly decompressed airtight chamber 45e, small-
sized, highly motile dissolved gas molecules contained
in the liquid are diffused from the liquid toward wall sur-
faces of the degassing pipes 45c. The diffused gas mol-
ecules gather near an inner peripheral surface of the gas
permeable membranes in accordance with Fick’s law.
The gas molecules are then taken into the gas permeable
membranes in accordance with Henry’s law, move
through the gas permeable membranes, and are dis-
charged to the outside of the gas permeable membranes.
[0038] Referring again to FIG. 1, the liquid injection
nozzle 46 is disposed above the opening portion of the
battery case 12 held in a predetermined position of the
decompression chamber 2 by the holding jig 3, so as to
face thereto. The liquid injection nozzle 46 is connected
to the outlet chamber 45b of the degassing module 45
via a solenoid valve 46a. The liquid injection nozzle 46
injects the degassed electrolyte 20 supplied from the de-
gassing module 45 into the interior of the battery case
12 through the opening portion in accordance with exci-
tation of the solenoid valve 46a.
[0039] Opening/closing of the valve 5a and operations
of the electric motor 5c on the decompression line 5,
opening/closing of the valve 6a on the atmospheric air
introduction line 6, operations of the electric motor 42 on
the electrolyte supply line 8, and opening/closing of the
solenoid valve 46a provided in the liquid injection nozzle
46 are controlled by a controller 7 provided on the outside
of the decompression chamber 2 via signal circuits. The
controller 7 is constituted by a microcomputer including
a central processing unit (CPU), a read-only memory
(ROM), a random access memory (RAM), and an in-
put/output interface (I/O interface). The controller 7 may
be constituted by a plurality of microcomputers.
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[0040] Next, referring to FIGS. 8A-8G, a process for
injecting the electrolyte 20 into the battery case 12 using
the electrolyte injection device 1 will be described.
[0041] In a wait period extending from a time t0 to a
time t1, the valve 6a of the atmospheric air introduction
line 6 is opened, as shown in FIG. 8G, such that the
interior of the decompression chamber 2 is open to at-
mospheric pressure. As shown in FIG. 8B, the door 21
is open, and as shown in FIGS. 8E and 8F, the feed pump
43 of the electrolyte supply line 8 and the vacuum pump
5b of the decompression line 5 are inoperative.
[0042] At the time t1, an operation to inject the electro-
lyte 20 into the battery case 12 using the electrolyte in-
jection device 1 is started. The controller 7 operates the
feed pump 43, as shown in FIG. 8E, by operating the
electric motor 42 on the electrolyte supply line 8, and as
a result, the electrolyte 20 in the storage tank 41 is sup-
plied to the aeration tank 44.
[0043] At a time t2, as shown in FIG. 8A, the battery
case 12 held by the holding jig 3 is introduced into the
decompression chamber 2 through the door 21. At a time
t3, as shown in FIG. 8B, the door 21 is closed.
[0044] At a time t4, as shown in FIG. 8E, the controller
7 stops supplying the electrolyte 20 to the aeration tank
44 from the electrolyte supply line 8. The electrolyte 20
supplied to the aeration tank 44 is decompressed from
a pressurized condition obtained by adding the pressur-
ization applied by the feed pump 43 to the atmospheric
pressure in the storage tank 41 to atmospheric pressure
by being exposed to the atmosphere of the decompres-
sion chamber 2 in the aeration tank 44, and as a result,
a part of the gas molecules dissolved in the electrolyte
20 expand and separate from the electrolyte 20 as air
bubbles, as shown in FIG. 5.
[0045] Referring again to FIGS. 8A-8G, at a time t5,
the controller 7 closes the valve 6a on the atmospheric
air introduction line 6, as shown in FIG. 8G. Simultane-
ously, the controller 7 opens the valve 5a on the decom-
pression line 5 to start an operation of the electric motor
5c. As a result, as shown in FIG. 8F, the vacuum pump
5b becomes operative. Accordingly, as shown in FIG.
8C, the pressure in the decompression chamber 2 is re-
duced from atmospheric pressure.
[0046] When the pressure in the decompression
chamber 2 falls to a prescribed vacuum pressure at a
time t6, the controller 7 stops the operation of the electric
motor 5c, and as shown in FIG. 8F, stops the operation
of the vacuum pump 5b. Further, the controller 7 closes
the valve 5a on the decompression line 5. Thereafter,
the decompression chamber 2 is maintained at vacuum
pressure. The interiors of the degassing module 45 and
the battery case 12 are also maintained at vacuum pres-
sure.
[0047] In the aeration tank 44, the electrolyte 20 is ex-
posed to the vacuum pressure so as to be further de-
compressed. As a result, a density of the dissolved gas
molecules contained in the electrolyte 20 decreases, en-
abling the gas molecules to move through the liquid more

easily. In this environment, the gas molecules expand in
volume to form air bubbles that rise through the liquid
rapidly to reach the liquid level of the electrolyte 20, and
are released into an upper portion space of the aeration
tank 44. By decompressing the decompression chamber
2 in this manner, gas-liquid separation of the electrolyte
20 in the aeration tank 44 is promoted.
[0048] At the time t6, the controller 7 opens the sole-
noid valve 46a and at the same time stops the operation
of the vacuum pump 5b. As a result, as shown in FIG.
8D, injection of the electrolyte 20 into the battery case
12 from the liquid injection nozzle 46 begins. As the liquid
injection nozzle 46 starts to inject the electrolyte 20, the
electrolyte 20 in the aeration tank 44, from which the dis-
solved gas molecules have been sufficiently released, is
supplied to the liquid injection nozzle 46 via the degassing
module 45. As the electrolyte 20 passes through the de-
gassing module 45, the remaining dissolved gas mole-
cules in the liquid are further separated from the electro-
lyte 20. As a result, the electrolyte 20 is supplied to the
liquid injection nozzle 46 in a condition where gas mole-
cules have been substantially completely removed there-
from.
[0049] The electrolyte 20 injected into the battery case
12 first flows into a space between the battery main body
11 and the right and left sides 12d and 12c from a space
above the battery main body 11 shown in FIG. 4, and is
then filled into a gap between the battery main body 11
and the bottom side 12b of the battery case 12. Thus,
the electrolyte 20 injected into the battery case 12 infil-
trates the interior of the battery main body 11 from the
periphery of the battery main body 11.
[0050] Gas molecules are substantially completely re-
moved from the electrolyte 20 injected into the battery
case 12. Further, the pressure of the electrolyte 20 is
regulated in advance in the aeration tank 44 to be equal
to the vacuum pressure in the decompression chamber 2.
[0051] Therefore, in the electrolyte 20 injected into the
battery case 12, a situation in which the dissolved gas
molecules existing in the liquid expand rapidly, causing
the liquid to scatter, does not occur, and the electrolyte
20 infiltrates the interior of the battery main body 11 quick-
ly.
[0052] The controller 7 synchronizes a liquid injection
speed of the liquid injection nozzle 46 with an infiltration
speed of the electrolyte 20 into the battery main body 11.
For this purpose, the controller 7 performs liquid injection
intermittently by closing the solenoid valve 46a for a pre-
determined time when a fixed amount of liquid injection
is complete and reopening the solenoid valve 46a when
the predetermined time has elapsed. As a result, as
shown in FIG. 8D, an amount of the electrolyte 20 in the
battery case 12 increases in stages. This control is pref-
erably performed to prevent the electrolyte 20 from being
injected at a higher speed than the infiltration speed into
the battery main body 11 such that the electrolyte 20
overflows the battery case 12.
[0053] At a time t7, as shown in FIG. 8D, the amount
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of the electrolyte 20 in the battery case 12 reaches a
prescribed amount. By injecting the electrolyte 20 into
the battery case 12 at a reduced pressure and removing
the dissolved gas molecules from the electrolyte 20, a
period from the start of injection of the electrolyte 20 by
the liquid injection nozzle 46 at the time t6 to the end of
injection of the electrolyte 20 by the liquid injection nozzle
46 at the time t7 can be shortened.
[0054] At the time t7, the controller 7 closes the sole-
noid valve 46a, and as shown in FIG. 8G, opens the valve
6a on the atmospheric air introduction line 6 to start in-
troducing atmospheric air into the decompression cham-
ber 2.
[0055] As a result, as shown in FIG. 8C, the pressure
in the decompression chamber 2 rises toward atmos-
pheric pressure. In spite of the pressure increase in the
decompression chamber 2, the pressure in the interior
of the battery main body 11 in the battery case 12 does
not rise immediately. A resulting pressure incline accel-
erates infiltration of the electrolyte 20 into the interior of
the battery main body 11 such that the operation for filling
the electrolyte 20 into the battery main body 11 is com-
pleted in a short time.
[0056] When the pressure in the decompression
chamber 2 reaches atmospheric pressure at a time t8,
the door 21 is opened, as shown in FIG. 8B. At a time t9,
as shown in FIG. 8A, the battery case 12 is removed to
the outside of the decompression chamber 2 through the
door 21 while held by the holding jig 3. Thereafter, a proc-
ess for injecting the electrolyte 20 into another battery
case 12 is resumed in the decompression chamber 2.
[0057] The battery case 12 removed from the decom-
pression chamber 12 is sealed by thermally adhering the
opening portion, and as a result, assembly of the lithium
ion secondary battery is complete.
[0058] According to the electrolyte injection device 1
described above, the electrolyte 20 is decompressed by
exposing the electrolyte 20 to the atmosphere in the de-
compression chamber 2 via the aeration tank 44. As a
result, the density of the dissolved gas molecules in the
electrolyte 20 decreases, enabling the gas molecules to
move through the liquid more easily. The gas molecules
expand in volume to form air bubbles that rise through
the liquid rapidly to reach the liquid level of the electrolyte
20, and are released into the upper portion space of the
aeration tank 44. By providing the aeration tank 44 that
exposes the electrolyte 20 to the atmosphere in the de-
compression chamber 2 in this manner, gas-liquid sep-
aration is promoted in the electrolyte 20, leading to an
improvement in degassing efficiency. As a result, the time
required to inject the electrolyte 20 into the battery case
12 can be reduced.
[0059] Further, by combining the aeration tank 44 with
the degassing module 45 employing gas permeable
membranes, the electrolyte 20 can be degassed com-
pletely.
[0060] As a result, situations in which gas remaining
in the electrolyte 20 expands rapidly in volume, causing

the liquid to scatter, and air bubbles generated in the
electrolyte 20 cause the electrolyte to overflow the battery
container during injection of the electrolyte 20 into the
battery case 12 from the liquid injection nozzle 46, can
be prevented, leading to an improvement in the efficiency
with which the electrolyte 20 is injected into the battery
case 12.
[0061] In the embodiment described above, a prede-
termined amount of the electrolyte 20 is stored in the
aeration tank 44 in the decompression chamber 2 in ad-
vance, and gas molecules dissolved in the electrolyte 20
are separated by exposing the electrolyte 20 stored in
the aeration tank 44 to the atmosphere in the decom-
pressed decompression chamber 2. However, the elec-
trolyte 20 may be supplied to the aeration tank 44 from
the feed pump 43 in parallel with injection of the electro-
lyte 20 into the battery case 12 by the liquid injection
nozzle 46.
[0062] In this case, the feed pump 43 is operated at
the time t4 when the door 21 of the decompression cham-
ber 2 is closed or the time t5 when decompression begins,
whereby supply of the electrolyte 20 from the storage
tank 41 to the aeration tank 44 starts. As shown by a
dotted line A in FIG. 8E, the electrolyte 20 is supplied
from the storage tank 41 into the aeration tank 44 con-
tinuously at a substantially synchronous flow rate with
the liquid injection amount through the liquid injection
nozzle 46 until liquid injection through the liquid injection
nozzle 46 is complete.
[0063] The electrolyte 20 in the pressurized condition
obtained by adding the supply pressure of the feed pump
43 to the atmospheric pressure in the storage tank 41 is
decompressed by being exposed to the decompressed
atmosphere of the decompression chamber 2 in the aer-
ation tank 44. Accordingly, the dissolved gas molecules
in the electrolyte 20 expand to form air bubbles that are
separated from the electrolyte 20. Therefore, with regard
to separation of the dissolved gas molecules in the elec-
trolyte 20, similar favorable effects to those of the em-
bodiment described above can be obtained.
[0064] Referring to FIG. 9, another embodiment of this
invention will be described.
[0065] In the electrolyte injection device 1 according
to this embodiment, a single set of the aeration tank 44
and the degassing module 45 and a plurality of liquid
injection nozzles 46 connected in parallel thereto are pro-
vided in the decompression chamber 2. A holding jig 30
holds an identical number of battery cases 12 to the
number of liquid injection nozzles 46 such that the battery
cases 12 are stacked in a horizontal direction. All of these
devices are housed inside the decompression chamber
2 shown in FIG. 1. An outer configuration of the decom-
pression chamber 2 is identical to that of the first embod-
iment.
[0066] By providing the plurality of liquid injection noz-
zles 46 in the decompression chamber 2 in this manner,
the electrolyte 20 can be injected simultaneously into the
plurality of battery cases 12, leading to a further improve-
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ment in operation efficiency. Instead of the holding jig 30,
a plurality of similar holding jigs 3 to that of the first em-
bodiment may be lined up. Furthermore, the electrolyte
20 may be injected into the plurality of battery cases 12
sequentially using a similar single liquid injection nozzle
46 to that of the first embodiment.
[0067] The contents of Tokugan 2010-88696, with a
filing date of April 7, 2010 in Japan, are hereby incorpo-
rated by reference.
[0068] Although the invention has been described
above with reference to certain embodiments, the inven-
tion is not limited to the embodiments described above.
Modifications and variations of the embodiments de-
scribed above will occur to those skilled in the art, within
the scope of the claims.
[0069] For example, in the embodiments described
above, this invention is applied to a device that injects
an electrolyte into a lithium ion secondary battery, but
this invention may also be applied to a device that injects
an electrolyte into an electric double layer capacitor or
an electrolytic capacitor.
[0070] Further, the aeration tank 44 does not neces-
sarily have to be disposed in the decompression chamber
2. By connecting the opening portion 44a in the aeration
tank 44 to the decompression chamber 2 via a pipe, the
aeration tank 44 may be disposed on the outside of the
decompression chamber 2.

INDUSTRIAL FIELD OF APPLICATION

[0071] As described above, this invention brings about
a favorable effect in improving the efficiency of an oper-
ation to inject an electrolyte into a battery case, and may
be applied to various battery structures.
[0072] The embodiments of this invention in which an
exclusive property or privilege is claimed are defined as
follows:

Claims

1. An electrolyte injection device (1) for injecting an
electrolyte (20) into a battery case (12), comprising:

a sealed decompression chamber (2);
a liquid injection nozzle (46) that injects the elec-
trolyte (20) into the battery case (12) disposed
in the decompression chamber (2);
an aeration tank (44) that exposes the electro-
lyte (20) supplied to the liquid injection nozzle
(46) to a pressure in the decompression cham-
ber (2); and
a degassing module (45) provided between the
aeration tank (44) and the liquid injection nozzle
(46) to separate gas and liquid using a gas per-
meable membrane.

2. The electrolyte injection device (1) as defined in

Claim 1, wherein the aeration tank (44) comprises:

an inflow port (44b) through which the electrolyte
(20) flows in;
an opening portion (44a) that is formed to face
a gas phase above a liquid level of the electrolyte
(20) and communicates with an atmosphere in
the decompression chamber (2); and
an outflow port (44c) that is formed to face a
liquid phase of the electrolyte (20) and commu-
nicates with the degassing module (45).

3. The electrolyte injection device (1) as defined in
Claim 2, wherein the aeration tank (44) is disposed
in the decompression chamber (2), and the electro-
lyte injection device (1) further comprises a feed
pump (43) disposed on an outside of the decompres-
sion chamber (2) to supply the electrolyte (20) to the
inflow port (44b).

4. The electrolyte injection device (1) as defined in any
one of Claim 1 through Claim 3, wherein the decom-
pression chamber (2) comprises a door (21) through
which the battery case (12) is introduced into and
removed from the decompression chamber (2).

5. The electrolyte injection device (1) as defined in any
one of Claim 1 through Claim 4, comprising a plurality
of liquid injection nozzles (46).

6. An electrolyte injection method for injecting an elec-
trolyte (20) into a battery case (12), comprising:

sealing a decompression chamber (2);
exposing the electrolyte (20) to a pressure in the
decompression chamber (2) within an aeration
tank (44);
injecting the electrolyte (20) in the aeration tank
(44) into the battery case (12) disposed in the
decompression chamber (2) through a liquid in-
jection nozzle (46); and
separating the electrolyte (20) into gas and liquid
using a degassing module (45) that is provided
between the aeration tank (44) and the liquid
injection nozzle (46) and comprises a gas per-
meable membrane.

Patentansprüche

1. Elektrolyt-Einspritzvorrichtung (1) zum Einspritzen
eines Elektrolyts (20) in ein Batteriege-häuse (12),
die umfasst:

eine abgedichtete Dekompressionskammer (2);
eine Flüssigkeits-Einspritzdüse (46), die das
Elektrolyt (20) in das Batteriegehäuse (12) ein-
spritzt, das sich in der Dekompressionskammer
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(2) befindet;
einen Belüftungsbehälter (44), in dem das der
Flüssigkeits-Einspritzdüse (46) zugeführte
Elektrolyt (20) einem Druck in der Dekompres-
sionskammer (2) ausgesetzt wird; und
ein Entgasungsmodul (45), das zwischen dem
Belüftungsbehälter (44) und der Flüssigkeits-
Einspritzdüse (46) vorhanden ist, um Gas und
Flüssigkeit unter Verwendung einer gasdurch-
lässigen Membran zu trennen.

2. Elektrolyt-Einspritzvorrichtung (1) nach Anspruch 1,
wobei der Belüftungsbehälter (44) umfasst:

einen Einströmanschluss (44b), über den das
Elektrolyt (20) einströmt;
einen Öffnungsabschnitt (44a), der so ausgebil-
det ist, dass er einer Gasphase oberhalb eines
Flüssigkeitsspiegels des Elektrolyts (20) zuge-
wandt ist, und der mit einer Atmosphäre in der
Dekompressionskammer (2) in Verbindung
steht; und
einen Ausströmanschluss (44c), der so ausge-
bildet ist, dass er einer flüssigen Phase des
Elektrolyts (20) zugewandt ist und in Verbindung
mit dem Entgasungsmodul (45) steht.

3. Elektrolyt-Einspritzvorrichtung (1) nach Anspruch 2,
wobei sich der Belüftungsbehälter (44) in der De-
kompressionskammer (2) befindet und die Elektro-
lyt-Einspritzvorrichtung (1) des Weiteren eine Spei-
sepumpe (43) umfasst, die an einer Außenseite der
Dekompressionskammer (2) angeordnet ist und das
Elektrolyt (20) dem Einströmanschluss (44b) zu-
führt.

4. Elektrolyt-Einspritzvorrichtung (1) nach einem der
Ansprüche 1 bis 3, wobei die Dekompressionskam-
mer (2) eine Tür (21) umfasst, durch die das Batte-
riegehäuse (12) in die Dekompressionskammer (2)
eingeführt und aus ihr entfernt wird.

5. Elektrolyt-Einspritzvorrichtung (1) nach einem der
Ansprüche 1 bis 4, die eine Vielzahl von Flüssigkeits-
Einspritzdüsen (46) umfasst.

6. Elektrolyt-Einspritzverfahren zum Einspritzen eines
Elektrolyts (20) in ein Batteriegehäuse (12), das um-
fasst:

Abdichten einer Dekompressionskammer (2);
Ausüben eines Drucks in der Dekompressions-
kammer (2) auf das Elektrolyt (20) im Inneren
eines Belüftungsbehälters (44);
Einspritzen des Elektrolyts (20) in dem Belüf-
tungsbehälter (44) in das Batteriegehäuse (12),
das sich in der Dekompressionskammer (2) be-
findet, über eine Flüssigkeits-Einspritzdüse

(46); und
Trennen des Elektrolyts (20) in Gas und Flüs-
sigkeit unter Verwendung eines Entgasungs-
moduls (45), das zwischen dem Belüftungsbe-
hälter (44) und der Flüssigkeits-Einspritzdüse
(46) vorhanden ist und eine gasdurchlässige
Membran umfasst.

Revendications

1. Dispositif d’injection d’électrolyte (1) pour injecter un
électrolyte (20) dans un boîtier de batterie (12),
comprenant :

une chambre de décompression scellée (2) ;
une buse d’injection de liquide (46) qui injecte
l’électrolyte (20) dans le boîtier de batterie (12)
disposé dans la chambre de décompression
(2) ;
un réservoir d’aération (44) qui expose l’électro-
lyte (20) fourni à la buse d’injection de liquide
(46) à la pression de la chambre de décompres-
sion (2) ; et
un module de dégazage (45) prévu entre le ré-
servoir d’aération (44) et la buse d’injection de
liquide (46) pour séparer le gaz et le liquide en
utilisant une membrane perméable au gaz.

2. Dispositif d’injection d’électrolyte (1) selon la reven-
dication 1, dans lequel le réservoir d’aération (44)
comprend :

un orifice d’entrée (44b) à travers lequel s’écoule
l’électrolyte (20) ;
une partie d’ouverture (44a) qui est formée de
manière à être tournée vers une phase gazeuse
au-dessus du niveau de liquide de l’électrolyte
(20) et communique avec l’atmosphère dans la
chambre de décompression (2) ; et
un orifice de sortie (44c) qui est formé de ma-
nière à être tourné vers une phase liquide de
l’électrolyte (20) et communique avec le module
de dégazage (45).

3. Dispositif d’injection d’électrolyte (1) selon la reven-
dication 2, dans lequel le réservoir d’aération (44)
est disposé dans la chambre de décompression (2)
et le dispositif d’injection d’électrolyte (1) comprend
en outre une pompe d’alimentation (43) disposée à
l’extérieur de la chambre de décompression (2) pour
fournir l’électrolyte (20) à l’orifice d’entrée (44b).

4. Dispositif d’injection d’électrolyte (1) selon l’une
quelconque des revendications 1 à 3, dans lequel la
chambre de décompression (2) comprend une porte
(21) à travers laquelle le boîtier de batterie (12) est
introduit dans la chambre de décompression (2) et
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extrait de celle-ci.

5. Dispositif d’injection d’électrolyte (1) selon l’une
quelconque des revendications 1 à 4, comprenant
une pluralité de buses d’injection de liquide (46).

6. Procédé d’injection d’électrolyte pour injecter un
électrolyte (20) dans un boîtier de batterie (12),
comprenant :

le scellement d’une chambre de décompression
(2) ;
l’exposition de l’électrolyte (20) à la pression de
la chambre de décompression (2) à l’intérieur
d’un réservoir d’aération (44) ;
l’injection de l’électrolyte (20) du réservoir d’aé-
ration (44) dans le boîtier de batterie (12) dispo-
sé dans la chambre de décompression (2) à tra-
vers une buse d’injection de liquide (46) ; et
la séparation de l’électrolyte (20) en gaz et liqui-
de en utilisant un module de dégazage (45) qui
est disposé entre le réservoir d’aération (44) et
la buse d’injection de liquide (46) et comprend
une membrane perméable au gaz.
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