Office de la Proprieté Canadian CA 2324196 C 2008/09/30

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 324 1 96
gln gfga”isge ; m age”gy of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2000/10/25 (51) ClLInt./Int.Cl. HOTM 2/00(2006.01),
. A - - . HOTM 10/28 (2006.01), HOTM 10/34 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2002/04/25 HOTM 10/42(2006.01). HOTM 10/48 (2006.01)
(45) Date de délivrance/lssue Date: 2008/09/30 HO1M 2/36 (2006.01)

(72) Inventeurs/Inventors:
TUKAWAKI KAZUYUKI JP;
TAKIMOTO, KIYOHIDE, JP;
MIZUNO, HIROYUKI, JP;
MAEKAWA, YUICHI, JP

(73) Proprietaire/Owner:
NEC TOKIN TOCHIGI, LTD., JP

(74) Agent: CASSAN MACLEAN

(54) Titre : PILE ETANCHE ET METHODE DE FABRICATION
(54) Title: SEALED BATTERY AND METHOD FOR MANUFACTURING SEALED BATTERY

17

N

(57) Abréegée/Abstract:

The present invention provides a sealed battery, in which leakage can be detected In reliable manner, a method for manufacturing
the sealed battery, and a method for detecting leakage of the sealed battery. The invention provides a sealed battery containing
helium, a method for manufacturing the sealed battery, and a method for detecting leakage. From Inside a battery case sealed
except an electrolyte inlet, the air Is withdrawn, and pressure Is applied by a gas containing helium under pressure higher than the

atmospheric pressure through the electrolyte Inlet. The electrolyte Is Injected, and after the electrolyte and the gas containing
helium have been Injected, the electrolyte inlet is sealed.
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ABSTRACT OF THE DISCLOSURE

The present invention provides a sealed battery, in
which leakage can be detected in reliable manner, a method
for manufacturing the sealed battery, and a method for
detecting leakage of the sealed battery. The invention
provides a sealed battery containing helium, a method for
manufacturing the sealed battery, and a method for
detecting leakage. From inside a battery case sealed
except an electrolyte inlet, the air 1is withdrawn, and
pressure is applied by a gas containing helium under
pressure higher than the atmospheric pressure through the
electrolyte inlet. The electrolyte is injected, and after
the electrolyte and the gas containing helium have been

injected, the electrolyte inlet is sealed.
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TITLE OF THE INVENTION

SEALED BATTERY AND METHOD FOR MANUFACTURING SEALED BATTERY

BACKGROUND OF THE INVENTION

The present invention relates to a sealed battery, in
which the leaking of electrolyte can be checked, and in
particular, to a lithium ion battery, in which leaking can
be checked at high sensitivity and in reliable manner.

In a sealed battery such as lithium ion battery, a
battery element is placed in a battery case, and a header
with an external connection terminal, a safety valve, an
electrolyte inlet, etc. is attached on the battery case by
welding. Then, the baﬁtery case 1s sealed except the
electrolyte inlet, and after the electrolyte is injected, a

sealing piece is attached on the electrolyte inlet, and the

inlet is sealed by laser welding.

During the manufacture of the sealed battery, detects

may occur such as welding defect caused in the sealing

process of the inlet or defective caulking on the external

connection terminal mounted via an insulating member. As a
result, the electrolyte may leak or moisture in external

air may be introduced into the battery. In the sealed

battery with defective sealing, problems may arise such as

damage of devices due to leakage of the electrolyte as the

performance characteristics of the battery are deteriorated.

In this respect, leakage is checked with the purpose

of preventing the shipment of the battery with defective

sealing. It has been generally practiced to perform
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external inspection by visually checking the battery
charged after sealing and by confirming stains or the like
on the surface caused by the leakage of the electrolyte.

However, in the checking method based on visual

5 inspection, there may be variations due to individual
difference of the inspectors. When there is very small
sealing defect, it is very difficult to detect a battery
with such smalll sealing defect because the time for
inspection is limited at the time of shipment and because

10 the leaking amount is very small.

In this connection, a method for airtightness test
using an airtightness tester not depending on human vision
has been proposed. For example, a method is proposed in
JP-A-9-115555. According to this method, the battery to

15 be tested is accommodated in a sealed container, and gas
pressure inside 1s reduced and pressure change in the
sealed container is measured. By this method based on the

pressure change, it i1s not possible to detect the battery

with leakage accurately within short time.

20 According to JP-A-4-25738, an airtightness tester is
described. In this tester, after a top cover is mounted
on a battery chamber in the assembling process of the
battery, hydrogen is introduced under pressure into the
battery chamber, and leaking hydrogen is detected by a

25 semiconductor gas sensor. In this method, it is not that
leakage 1s tested in a completed sealed battery with the
electrolyte injected in it. Also, an explosive gas such

as hydrogen is used, and this leads to a problem of
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endangering safety.

JP-A-11-307136 describes an airtightness tester. In
this tester, after a top cover is attached on a battery
chamber, a cover is mounted to enclose junction of the

5 battery chamber and the top cover. Then, helium is
introduced into the battery chamber. The air in the cover
1s suckedand airtightness is judged by deteqting helium in
the sucked air. This is based on the test of the Junction
between the battery chamber and the top cover in the

10 manufacturing process, and it is not a leakage test of a
completed sealed battery with the electrolyte injected in
it.

It 1s an object of the present invention to provide a
sealed battery, by which it is possible to reliably detect

15 defective sealing point of a sealed battery. It 1is
another object of the invention to provide a method for
manufacturing a sealed battery, by which it is possible to
completely prevent the shipment of the battery with

defective sealing.

20

SUMMARY OF THE INVENTION
The present invention provides a sealed battery, which
comprises rare gas therein.
Further, the present invention provides the sealed
25 battery as described above, wherein the rare gas is helium.
Also, the present invention provides a method for
manufacturing a sealed battery, wherein said method

comprises the steps of exhausting the air in a sealed
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battery case sealed except an electrolyte inlet, applying
pressure on an electrolyte to be injected through the
electrolyte inlet by a gas containing rare gas under
pressure higher than the atmospheric air, injecting the
electrolyte and the gas containing rare gas, and sealing
the electrolyte inlet.

Further, the present.invention;provides'a method for
manufacturing a sealed battery, wherein there is provided
pressurizing means for preventing deformation of the
battery case by applying pressure on wall surfaces of the
battery case when the gas containing rare gas is supplied.

.Also; the present invention provides a method for
manufacturing the sealed battery as described above,

wherein the rare gas is heliumn.
Further, the present invention provides a method for

detecting leakage in a sealed battery, wherein leakage is

detected by determining concentration of rare gas by a rare

gas 1eakage detector in the sealed battery containing rare
gas.

Also, the present invention provides a method for
detecting leakage 1n a sealed battery as described above,
wherein the sealed battery is accommodated in a sealed

container, and leakage is detected by determining

concentration of rare gas under the condition that pressure

1s reduced in the sealed container.
Further, the present invention provides a method for
detecting leakage in a sealed battery as described above,

wherein said method comprises the steps of accommodating
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the sealed battery in a detection chamber on a leakage
detection tray where a plurality of detection chambers are
provided, placing a leakage detection head connected to a
leakage detector airtightly in each of the detection

chambers, and measuring concentration of rare gas leaking

from the sealed battery.

Also, the present invention provides a method for
detecting leakage in the sealed battery as described above,

wherein the rare gas is helium.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing to explain a process for
manufacturing a sealed battery of the present invention and
also to explain an apparatus for injection electrolyte and
helium into a battery case;

Fig. 2 shows drawing to sequentially explain the
operation of the apparatus for injecting electrolyte and
helium according to the present invention;

Fig. 3 1s a perspective view to explain means for
preventing deformation of the battery case;

Fig. 4 shows drawings to explain an example of leakage

detecting method;

Fig. 5 shows a drawing to explain another example of

leakage detecting method;

Fig. 6 shows a drawing to explain still another

example of leakage detecting method; and

Fig. 7 shows a drawing to explain yet still another

example of leakage detecting method;
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DESCRIPTION OF THE PREFERRED EMBODIMENT
According to the present invention, a sealed battery

containing helium is produced by filling helium in a sealed
5 battery in an assembling process, and then by sealing it.

The concentration of helium leaking from the sealed battery

1s detected by a helium leakage detector, and it is

possible to find out a sealed battery with defective

sealing in reliable manner.

10 Fig. 1 1s a drawing to explain a process to produce a

sealed battery according to the present invention, and also

to explain an apparatus for injecting electrolyte and

helium into a battery case.

A battery element 2 is accommodated in a battery case
15 1. On a top opening of the battery case 1, a top cover 5
1s attached by means such as laser welding, and the top
cover 5 comprises an electrolyte inlet 3, an external
electrode leading terminal 4, and a pressure relief valve
and the like for preventing rupture of the battery when
20 pressure inside the battery is increased. An injection
nozzle 7 of an electrolyte injection apparatus 6 is
attached to the electrolyte inlet 3 on the top cover 5.
The injection nozzle 7 comprises airtightness maintaining
means such as an O-ring 8 with the purpose of maintaining

25 airtightness when the nozzle is pressed against wall

surface of the top cover.

The electrolyte injection apparatus 6 comprises

exhaust means 9 for exhausting the air inside the battery
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case, and an exhaust valve 10 for connecting the injection
nozzle 7 with the exhaust means 9.

To the 1injection nozzle 7, an electrolyte pot 11 for
retaining a given amount of electrolyte is connected via an
electrolyte injection valve 12. To the electrolyte pot 11,
electrolyte feeding means 15 connected with storage means
14 for storing an electrolyte 13 is connected via an
electrolyte feeding valve 16.

Also, helium feeding means 17 is connected to the
electrolyte pot 11 via a pressure valve 18.

Fig. 2 shows drawings to sequentially explain the
operation of an apparatus for injecting the electrolyte and
helium according to the present invention.

As shown in Fig. 2 (A), a battery element is
accommodated in a battery case 1. On a top opening of the
battery case 1, a top cover 5 with the electrolyte inlet 3
is attached by means such as laser welding. The injection
nozzle 7 of the electrolyte injection apparatus 6 is
airtightly attached to the electrolyte inlet 3. Then, the
exhaust means 9 is operated, and an exhaust valve 10 for
connecting the injection nozzle 7 with the exhaust means is
opened and the air inside the battery case is withdrawn.
From electrolyte feeding means 15, a given amount of
electrolyte corresponding to the battery is injected into

the electrolyte pot via an electrolyte feeding valve 16.
Then, as shown in Fig. 2 (B), the exhaust valve 10 and
the electrolyte feeding valve 16 are closed, and the

electrolyte injection valve 12 is opened. Because the
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space i1n the battery case i1s under reduced pressure,
injection of the electrolyte into the battery case is
started due to pressure difference between the space inside
the battery case and the electrolyte pot 11.

When the injection of the electrolyte in the
electrolyte pot 11 is started, the pressure valve coupled
to the helium feeding means 17 is opened as shown in Fig. 2
(C), and pressure 1i1is applied on the electrolyte in the
electrolyte pot 11 by helium. Then, the electrolyte is
quickly injected into the battery case, and helium is
dissolved in the electrolyte and is injected. It 1is
injected into the electrolyte as gas through the
electrolyte inlet, and the space inside the battery is

filled with helium atmosphere.

When the electrolyte and helium are injected, pressure
is applied inside the battery case. Depending on s.:i.ze and
tvpe of the battery case, wall surface of the battery case
may be swollen and deformed. In this respect, it 1is
preferable to suppress deformation caused by the swelling

of the battery case when pressure is applied inside the

battery case.

Fig. 3 is a drawing to explain means for preventing
deformation of the battery case.
After the injection of the electrolyte from the

electrolyte injection nozzle 7 is started, the pressure

valve 18 is opened, and pressure 1s applied on the

electrolyte in the electrolyte pot 11 by helium. By

pressurizing means 20, the wall surface 21 of the battery
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case 18 pressurized from both sides with the purpose of
preventing the deformation of the wall surface 21 of the
battery case 1.

The pressure applied on the wall surface of the
battery case 1s a pressure corresponding to the pressure of
the electrolyte to be injected into the battery case, and
1t 1is preferable to pressurize with pressure equal to the
pressurizing force.

The apparatus for injecting electrolyte and helium
according to the present invention can be set as desired
depending on the type of battery active components, shape
and structure of the battery, etc. The exhausting
operation in the battery case i1s performed under pressure
of 1.07 - 1.33 kPa for 5 - 7 seconds. The degree of the
reduced pressure is maintained for about 2 seconds. After
confirming that the degree of vacuum is stable and there is
no leakage, the exhaust valve is closed, and injection of
the electrolyte is started. After 4 - 10 seconds from the
initiation of the injection of the electrolyte, the
pressure valve is opened, and pressure 1is applied by helium.
It is preferable that the pressurizing force of helium is
set to 0.08 - 0.20 MPa in gauge pressure.

For example, according to the electrolyte injection
apparatus of the present invention, the electrolyte can be

injected within 60 seconds through the electrolyte inlet of
1] mm in diameter on a battery in the size of 48 x 30 x 6 mm

(height x length x width) even in case a viscous nonaqueous

electrolyte 1s used.
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Helium may be blended with other types of rare gases
or may be blended with nitrogen, carbon dioxide, etc.
When the content of gases other than rare gas is increased,
leakage detection ability may be decreased. In this
respect, it is preferable that the content of the rare gas
such as helium is high. Among rare gases, it 1is
preferable to use helium because it has smaller molecules
and can easily pass through very small leaking point or
fissure.

In the above, description has been given on a method

“to introduce helium into the battery case at the same time

as the injection of the electrolyte using helium as the gas
for pressurizing, while it may be designed in such manner
that the injection of the electrolyte is performed
separately from the injection of helium.

In this case, the injection can be achieved by the
methods such as the method to inject helium through
injection inlet independently into the battery case after
the injection of the electrolyte is terminated, or the

method to place the battery case in a sealed chamber after

the injection of the electrolyte is placed, and to fill the

sealed chamber with helium after the pressure in the space

of the sealed chamber is reduced.

Next, description will be given on a method for
detecting leakage in a sealed battery containing helium of

the present invention.

Fig. 4 shows drawings to explain an example of leakage

detecting method.

10
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As shown i1n Fig. 4 (A), the electrolyte inlet 3 on the
top cover of the battery case 1 i1s sealed by laser welding
means 30, and a sealed battery 31 is prepared. After
initial charging, the sealed battery 31 is placed in a
leakage detection chamber 32 as shown in Fig. 4 (B). By a
helium leakage detector 33, the gas inside the leakage
detection chamber 32 is sucked. By determining helium
concentration, it is possible to detect whether there is
leakage on the battery or not.

Also, as shown in Fig. 4 (C), a pressure reducing
device 34 is connected to the leakage detection chamber 32,
and pressure is reduced in the leakage detection chamber.
Thus, the leakage test may be facilitated by increasing the
difference of air pressure between inside and outside of
the battery case, and by increasing the leaking rate
through very small leaking point or fissure.

Fig. 5 is a drawing to explain another example of the
leakage detecting method. .

In a leakage detection chamber 32, a number of sealed

batteries 31 are accommodated on a battery tray 35, and

this is placed in the leakage detection chamber 32. By a

helium leakage detector 33, the gas in the leakage
detection chamber 32 is sucked, and helium concentration is

determined. When helium 1s detected, each of the sealed

" batteries on the battery tray where leakage is detected is

placed in the leakage detection chamber 32 as shown in Fig.

4. By the helium leakage detector 33, the gas in the

leakage detection chamber 32 is sucked. By determining

11
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helium concentration, the leaking battery can be identified.

Fig. 6 shows still anther example of the leakage
detecting method.

A sniffer probe 36 of the helium leakage detector 33
1s brought closer to a point on the sealed battery 31 such
as welding point where leakage may occur, and it is
confirmed whether there i1is leakage or not.

Fig. 7 1s a perspective view to explain yet still
another example of the leakage detecting method.

The sealed battery 31 where leakage is to be detected
is accommodated i1in each of a plurality of detection
chambers 38 provided on a detection tray 37. A detection
head 40 with a'leakage detection probe 39 is independently
and airtightly provided in each of the detection chambers.
By determining helium concentration in each of the
detection chambers, it 1s possible to detect whether there
is leakage or not. Measurement may be performed by
reducing the pressure in the detection chamber after
attaching the detection head.

When the detection head is mounted on transport means,
which can be moved to any point in directions of 3 axes of
X, Y and Z, and if there is provided means for picking up a
battery where leakage is detected, the process for leakage
detection can be automatically executed.

The sealed battery containing helium of the present

invention may be applied to nonaqueous electrolyte

batteries such as lithium ion batteries, or agqueous

electrolyte batteries such as batteries using polymer

12
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electrolyte, nickel hydrogen batteries, or sealed lead
batteries.

In the sealed.battery containing helium of the present
invention, it is possible to check and measure sealing
point of the sealed.battery, or leading point of a
conductive connecting terminal where leakage may occur, and
to detect the leakage by the measuring apparatus in
reliable manner and without wvariation. Further, it 1is
possible to eliminate the possibility of the shipment of
defective battery with leaking defect and to increase

reliability of the batteries to be delivered.

13
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WHAT IS CLAIMED IS:

1. A method for manufacturing a sealed battery,

comprising the steps of exhausting the air in a sealed battery
case sealed except for an electrolyte inlet, applying pressure
on an electrolyte to be injected through the electrolyte inlet
by a gas containing rare gas under pressure higher than the
atmospheric air, 1njecting the electrolyte and the gas

contailning rare gas, and sealing the electrolyte inlet.

2 . A method for manufacturing a sealed battery according

to claim 1, wherein the rare gas is helium.

3. A method for manufacturing a sealed battery according
to claim 1, wherein there is provided pressurizing means for

preventing deformation of the battery case by applying pressure

on wall surfaces of the battery case when the gas containing

rare gas 1s supplied.

4 . A method for manufacturing a sealed battery according

to claim 3, wherein the rare gas is helium.

CASSAN MACLEAN

307 Gilmour Street
Ottawa, Ontario K2P 0P7
CANADA

Agents for the Applicant
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FIG. 6
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