? 1

\

1 TITLE OF THE | NVENTI ON PROCESS AND APPARATUS FOR RECOVERI NG COVPONENTS OF
SEALED TYPE BATTERY BACKGROUND OF THE | NVENTI ON Fiel%ﬁ% é@% é%nvention The
present invention relates to a process and apparat us r covering the
constituent conponents of a sealed type battery. Mre parl?@ larly, the
present invention relates to a process and apparatus for safely and
efficiently opening a sealed type battery to recover the constituent
conponent s t her eof .

TITLE OF THE INVENTION

PROCESS AND APPARATUS FOR RECOVERING COMPONENTS OF

SEALED TYPE BATTERY

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a process and
apparatus for recovering the constituent components of a
sealed type battery. More particularly, the present
invention relates to a process and apparatus for safely and
efficiently opening a sealed type battery to recover the
constituent components thereof.

Related Background Art

In recent years, global warming from the so-called
greenhouse effect has been predicted due to increased level
of atmospheric COZ' To prevent this warming phenomenon from
further developing, there is a tendency to prohibit the
construction of new steam-power generation plants which
exhaust a large guantity of COz.

Under these circumstances, proposals have been made
to institute load leveling in order to effectively utilize
power. Load leveling involves the installation of
rechargeable batteries at general locations to serve a

storage for surplus power unused in the night, known as
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Rel at ed Background Art In recent years, global warmng fromthe so-called

greenhouse effect has been predicted due to increased |evel

CJerr].

is a tendency to prohibit the construction of new steam power generation

To prevent this warm ng phenonmenon from further devel oping,

pl ants whi ch exhaust a large quantity of CJerr]. Under these

ci rcunst ances,
to effectively utilize power.
rechargeabl e batteries at genera

power unudedpi polbe.nrgbt pokB@WRhas stored is available in the day

time when the power demand is increased, leveling the load
requirements in terms of power generation.

Separately, there is an increased societal demand for
developing a high performance rechargeable battery with a
high energy density for an electric vehicle which would not
exhaust air polluting substances. There is further
increased societal demand for developing a miniature,
lightweight, high performance rechargeable battery usable
as a power source for potable instruments such as small
personal computers, word processors, video cameras, and
pocket telephones.

For the batteries including rechargeable batteries
for such uses as above mentioned, thgre have been developed
various storage batteries including rechargeable batteries
having an enclosed (or sealed) configuration. Specific
examples of such storage battery are lead-acid battery,
nickel-cadmium battery, nickel-metal hydide battery having
a high energy density, nickel-zinc battery, rechargeable
lithium battery and like others. In order for these storage
batteries to have a long battery lifetime or/and to be
ensured in terms of safety, there is usually emploved a
sealing manner with the use of a battery housing. In
addition, in order to ensure further safety, these

batteries are mostly provided with a safety vent. This
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2 dunp power. The power thus stored is available in the day tine when the
power demand is increased, leveling the |oad requirenents in terns of power
generation. Separately, there is an increased societal demand for

devel opi ng a high performance rechargeabl e battery with a high energy
density for an electric vehicle which would not exhaust air polluting

subst ances. There is further increased societal demand for devel oping a

m ni at ure,

safety vent serves to ensure the safety when the inside
pressure of the battery housing is incidentally increased,
by communicating the inside of the battery housing to the
atmosphere outside the battery housing to thereby reduce
the increased inside pressure of the battery housing.

Now, the nickel-metal hydide battery is a
rechargeable battery in which electrochemical oxidation-
reduction reaction of hydrogen ion is used. The nickel-
metal hydride battery typically comprises an anode
comprising an anode active material layer comprised of a
hydrogen storage (absorbing) alloy, a cathode comprising a
cathode active material layer comprised of nickel hydroxide
(specifically, nickelous hydroxide), and an electrolyte
solution. In this battery, when charging is operated, the
hydrogen ion of the electrolyte solution at the side of the
anode is reduced into hydrogen, followed by entering into
the anode active material layer of the anode where the
hydrogen is retained therein, and when discharging is
operated, the hydrogen retained in the anode active
material layer is oxidized into hydrogen ion, followed by
incorporating inteo the electrolyte solution. For the
cathode active material layer of the cathode, the
constituent nickel coxyhydroxide is oxidized into a nickel
oxide when charging is operated, and when discharging is

operated, the nickel oxvhydroxide is reduced into the
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| i ght wei ght, high performance rechargeabl e battery usable as a power sourte
for potable instruments such as small personal conputers, word processors,
vi deo caneras, and pocket tel ephones. For the batteries including
rechargeabl e batteries for such uses as above nentioned, there have been
devel oped various storage batteries including rechargeable batteries having
an encl osed (or sealed) configuration. Specific exanples of such storage
battery are | ead-acid battery, nickel-cadm um battery, nickel-netal hydide
battery having a high energy density, nickel-zinc battery, rechargeable

l'i thi um bakhghraanehilklea PhRiokiddl FHereHOmidlase w04 AW ydride
battery, in order for the hydrogen storage alloy of the
anode to efficiently retain hydrogen upon operating the
charging and also in order to attain a high battery
capacity, the components of the battery are usually sealed
in a battery housing.

There are known various lithium batteries in which
electrochemical oxidation-reduction reaction of lithium ion
is used. In these lithium batteries, because lithium is
readily reacted with moisture in the atmosphere to cause a
decrease in the battery capacity, there are used an
electrolyte solution in which a nonaqueous organic or
inorganic solvent which is substantially free of moisture
is used, and a battery housing capable of sufficiently
sealing their components. And the fabrication of these
batteries is conducted in an atmosphere which is
sufficiently free of moisture.

Specific examples of these lithium batteries, there
can be illustrated commercially available primary lithium
batteries, commercially available so-called lithium ion
batteries, and rechargeable lithium metal batteries (which
have been put into the research or which are under
development). In the primary lithium battery and
rechargeable lithium metal batteries, their anodes have an

anode active material layer comprising a lithium metal.
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batteries to have a long battery lifetinme or/and to be ensured in terns of
safety, there is usually enployed a sealing manner with the use of a
battery housing. In addition, in order to ensure further safety, these
batteries are nostly provided with a safety vent. This 3 safety vent
serves to ensure the safety when the inside pressure of the battery housing
Is incidentally increased, by communicating the inside of the battery
housing to the

In the lithium ion battery, as the anocde active
material layer, there is used a carbonous material such as
graphite capable of intercalating lithium ion into the
network planes of the carbonous material when charging is
operated, and as the cathode, there is used a transition
metal compound capable of intercalating lithium ion into
the transition metal compound when discharging is operated.

Incidentally, the foregoing storage batteries
including rechargeable batteries enclosed by such battery
housing as above described have been currently using in
various potable instruments. For these sealed type
batteries, to recover them and to recycle their components
will be essential not only in terms of development of new
potable instruments but also in viewpoints that they are
expected to be further developed in the future so that they
can be used in electric vehicles, load conditioners, power
storage, or the like, and also in a viewpoint that the
consumption of the batteries is expected to greatly
increase in the future.

However, in order to recover the components of these
sealed type batteries, it is necessary to firstly open
their battery housings. In this case, problems are liable
to entail in that upon the opening, the cathode is often
contacted with the anode to cause internal shorts between

the two electrodes, where the residual electric capacity is
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at mosphere outside the battery housing to thereby reduce the increased

i nsi de pressure of the battery housing. Now, the nickel-netal hydide
battery is a rechargeable battery in which el ectrochenical oxidation-
reduction reaction of hydrogen ion is used. The nickel- metal hydride
battery typically conprises an anode conprising an anode active materi al

| ayer conprised of a hydrogen storage (absorbing) alloy, a cathode
conprising a cathode active material |ayer conprised of nickel hydroxide
(specifically, nickelous hydroxide), and an electrolyte solution. In this

gglt L?Ir gn ‘g{ﬁ r&ﬁ‘fﬁ? %o'?u%}pn@hdopﬁrt@x §3a WS xbcyq{e%% 90 Gind N8, ecI:ae&t (olyte
heat generation, resulting in deteriorating the battery
components such that they cannot be recvcled. Because of
this, there cannot be attained a desirable recovery for the
battery components.

In this respect, for the sealed type batteries, there
is an increased demand for developing a recovering process
including a opening process which enables to efficiently
recover their components without being damaged or
deteriorated even in the case where their cathode and anode

are contacted with each other upon the opening.

SUMMARY OF THE INVENTION

The present invention has been accomplished in view
of the foregoing situation in the prior art.

An object of the present invention is to provide a
recovering process which enables to safely and efficiently
recover the components of a sealed type battery without the
components being damaged or deteriorated.

Another object of the present invention is to provide
a recovering apparatus which enables to safely and
efficiently recover the components of a sealed type battery
without the components being damaged or deteriorated.

A first aspect of the present invention lies in a
recovering process for recovering the components of a

sealed type battery sealed, comprising at least a step of
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anode is reduced into hydrogen, followed by entering into the anode active
material |ayer of the anode where the hydrogen is retained therein, and
when di scharging is operated, the hydrogen retained in the anode active
material |layer is oxidized into hydrogen ion, followed by incorporating
into the electrolyte solution. For the cathode active material |ayer of the
cat hode, the constituent nickel oxyhydroxide is oxidized into a nickel

oxi de when charging is operated, and when discharging is operated, the

ni ckel oxyhydroxide is reduced into the

decreasing the ionic conductivity between the cathode and
anode and a step of opening the battery housing.

A second aspect of the present invention lies in a
recovering apparatus for recovering the components of a
sealed type battery, comprising at least a means for
decreasing the ionic conductivity between the cathode and
anode and a means for opening the battery housing.

ERIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic flow diagram illustrating an
example of the recovering process for recovering the
components of an sealed type battery according to the
present invention.

FIG. 2 is a schematic flow diagram illustrating
another example of the recovering process for recovering
the components of a sealed type battery according to the
present invention.

FIG. 3 is a schematic diagram illustrating the
constitution of an example of an apparatus suitable for
extracting an electrolyte solution or a solvent thereof
present in a sealed type battery to decrease the ionic
conductivity between the cathode and anode in the sealed
type battery prior to opening the sealed type battery,
which is used as a part of the recovering apparatus
according to the present invention.

FIG. 4 is a schematic diagram illustrating the
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4 original nickel hydroxide. For the nickel-nmetal hydride battery, in order
for the hydrogen storage alloy of the anode to efficiently retain hydrogen
upon operating the charging and also in order to attain a high battery
capacity, the conponents of the battery are usually sealed in a battery
housi ng. There are known various lithiumbatteries in which el ectrochem cal
oxi dation-reduction reaction of lithiumion is used. In these lithium
batteries, because lithiumis readily reacted with noisture in the

at nosphere to cause a

constitution of another example of an apparatus for
extracting an electrolyte solution or a solvent thereof
present in a sealed type battery to decrease the ionic
conductivity between the cathode and anode in the sealed
type battery prior to opening the enclosed battery, which
is used as a part of the recovering apparatus according to
the present invention.

FIG. 5 is a schematic conceptual view illustrating an
apparatus portion as a principal portion of the recovering
apparatus according to the present invention, comprising a
cooling means and an unsealing (opening) means.

FIG. 6 is a schematic diagram of an example of a
cooling means used in the recovering apparatus according to
the present invention.

FIG. 7 is a schematic cross-sectional view
illustrating an example of a sealed type battery whose
components are recovered in the present invention.

FIG. 8 is a schematic cross-sectional view
illustrating an example of a coin-like shaped battery.

FIG. 9 is a schematic cross-sectional view
illustrating an example of a spiral-wound cylindrical
battery.

FIG. 10 is a schematic perspective view illustrating

an example of a prismatic battery.
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decrease in the battery capacity, there are used an electrolyte solution in
whi ch a nonaqueous organi c or inorganic solvent which is substantially free
of noisture is used, and a battery housing capable of sufficiently sealing
t heir conponents. And the fabrication of these batteries is conducted in an
at nosphere which is sufficiently free of noisture. Specific exanples of
these lithiumbatteries, there can be illustrated commercially avail able
primary lithiumbatteries, conmercially available so-called lithiumion
batteries, and rechargeable lithiumnetal batteries (which have been put
into the research or which are under

DESCRIPTION OF THE INVENTION AND PREFERRED

EMBODIMENTS

As previously described, the present invention
includes a recovering process for recovering the components
of a sealed type battery sealed, comprising at least a step
of decreasing the ionic conductivity between the cathode
and anode and a step of opening the battery housing; and a
recovering apparatus for recovering the components of a
sealed type battery, comprising at least a means for
decreasing the ionic conductivity between the cathode and
anode and a means for opening the battery housing.

A principal feature of the recovering process is that
prior to opening the sealed type battery, to decrease the
ionic conductivity between the cathode and anode is
conducted. Similarly, a principal feature of the recovering
apparatus according to the present invention is to have é
specific means for decreasing the ionic conductivity
between the cathode and anode prior to opening the enclosed
type battery.

In the present invention, by extracting the
electrolyte sclution or the solvent of the electrolyte
solution outside the sealed type battery to decrease the
ionic conductivity between the cathode and ancde prior to

opening the battery housing of the sealed type battery,
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devel opnment). In the primary lithiumbattery and rechargeable Iithium netal
batteries, their anodes have an anode active material |ayer conprising a
lithiummetal. 51nthe lithiumion battery, as the anode active
material |ayer, there is used a carbonous nmaterial such as graphite capable
of intercalating lithiumion into the network planes of the carbonous

mat eri al when charging is operated, and as the cathode, there is used a
transition

even in the case where internal shorts should be occurred
between the cathode and anode when the battery housing is
opened or the battery components are taken out from the
inside of the battery housing as will be described later,
the occurrence of sudden energy release and combustion due
to the internal shorts is effectively prevented. As a
result, it is possible to safely recover the battery
components without being deteriorated or destroyed. By
this, there can be realized safe recovery of the components
of the sealed type battery at a high recovery rate.

The recovering process and apparatus according to the
present invention are effective in recovering the
components of any sealed type batteries including sealed
type primary and secondary (rechargeable) batteries,
notwithstanding the kind of a battery enclosed therein.

Specific examples of such sealed type battery for
which the recovering process and the recovering apparatus
according to the present invention are particularly
effective in recovering the battery components are lithium
batteries including lithium ion rechargeable batteries (in
which an anode comprising a carbonous material capable of
intercalating lithium ion is used) in which electrochemical
oxidation~-reduction reaction of lithium ion is used;
nickel-metal hydride rechargeable batteries having an anode

comprising a hydrogen storage alloy and in which
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metal compound capable of intercalating lithiumton into the transition
nmet al conpound when di scharging is operated. Incidentally, the foregoing
storage batteries including rechargeable batteries enclosed by such battery
housi ng as above descri bed have been currently using in various potable

I nstruments. For these sealed type batteries, to recover themand to
recycle their conponents will be essential not only in terns of devel opnent
of new potable instrunents but also in viewpoints that they are expected to
be further devel oped in the future so that they can be used in electric
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ion is used; and nickel-cadmium batteries.

Herein, for the lithium batteries, a variety of
enclosed type primary lithium batteries having an anode
comprising a lithium metal have been freguently using in
potable instruments such as cameras, wristwatches and the
like. And the consumption of these primary lithium
batteries are expected to further increase in the future.
In addition, the consumption of rechargeable lithium
batteries is expected to increase in the future. Under this
circumstance, the waste disposal of these lithium batteries
will be possibly a serious problem in the future as well as
in the case of other batteries. In this respect, it is an
urgent necessity of recovering and recycling their
components such as anodes, cathodes, electrolytes,
separators, and housings.

Now, in orxrder to separately recover the components of
an used sealed type lithium battery, the battery housing is
required to be.opened while preventing external moisture
invasion, which will be a cause of damaging or
deteriorating the battery characteristics.

As a most simple manner for unsealing the battery
housing of an enclosed type battery, there is considered a
mechanically cutting manner. However, when this manner is

employed particularly in the case of an enclosed type
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consunption of the batteries is expected to greatly increase in the future.
However, in order to recover the conponents of these sealed type batteries,
it is necessary to firstly open their battery housings. In this case,

problens are liable to entail in that upon the opening, the cathode is
often contacted with the anode to cause internal shorts between the two
el ectrodes, where the residual electric capacity is 6

lithium battery, problems are liable to entail in that as
the energy per unit volume and unit weight is extremely
high and a combustible material such as organic solvent is
contained, a spark is generated or internal shorts are
occurred between the anode and cathode upon mechanically
cutting the battery housing, where the components are
damaged or deteriorated. Besides, other problems are liable
to entail such that will be described in the following.
When the battery components situated inside the battery
housing are taken out after the battery housing has been
unsealed, as the anode and cathode are closed to each
other, they tend to readily suffer from internal shorts
where the internal shorts should be occurred between them,
the residual battery energy is released at a stroke to
cause sudden heat generation.

Therefore, particularly for a sealed type lithium
battery, there is demand for developing a desirable
recovering process and a desirable recovering apparatus
capable of recovering the battery components without being
damaged or deteriorated for dealing with an increase in the
consumption thereof.

The present invention desirably meets this demand.

In the recovering process for recovering the
components of a sealed type battery which comprises an

electrolyte solution as the electrolyte, the step of
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suddenly consuned within a short period of tine to cause heat generation,
resulting in deteriorating the battery conponents such that they cannot be
recycl ed. Because of this, there cannot be attained a desirable recovery
for the battery conmponents. In this respect, for the sealed type batteries,
there is an increased demand for devel oping a recovering process including
a openi ng process which enables to efficiently recover their conponents

wi t hout bei ng damaged or deteriorated even in the case where their cathode
and anode are contacted with each other upon the opening. SUMVARY COF THE

I NVENTI ON decreasing the ionic conductivity between the cathode and
anode is desired to be conducted by a manner of extracting
the electrolyte solution or the solvent therecof present
within the battery housing outside the battery housing. In
the case where the enclosed battery provided with a safety
vent, to extract the electrolyte solution or the solvent
thereof outside the battery housing is desired to be
conducted while taking advantage of the safety vent in view
of working efficiency, for instance, in a manner wherein
through the safety vent, the pressure of the atmosphere
outside the battery housing is decreased to increase the
inside pressure of the battery housing whereby causing a
differential pressure between the outside and the inside of
the battery housing, and by this, the safety vent is
actuated to extract the electrolyte solution or the solvent
thereof outside the battery housing. The electrolyte
solution or the solvent thereof thus extracted outside the
battery housing can be recycled.

In the recovering process for recovering the
components of a sealed type battery, the step of decreasing
the ionic conductivity between the cathode and anode is
desired to be conducted at least through a manner of
cooling the enclosed type battery. In the case where this
manner is employed, when a solvent is used in the

electrolyte solution of the sealed type battery, it is
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The present invention has been acconplished in view of the foregoing
situation in the prior art. An object of the present invention is to
provi de a recovering process which enables to safely and efficiently
recover the conponents of a sealed type battery w thout the conponents
bei ng damaged or deteriorated. Another object of the present invention is
to provide a recovering apparatus which enables to safely and efficiently
recover the conponents of a sealed type battery w thout the conponents
bei ng danmaged or deteriorated. A first aspect of the present invention lies

in a recoygeinadPiecetsll the YeRMYd NG I HLHLAMANEHY S Hefperature
which is lower than the freezing point of the solvent. In
the case where a solid polymer electrolyte solidified by
using a polymer is used in the sealed type battery, it is
desired to cool the sealed type battery to a temperature
which is lower than the glass transition temperature of the
constituent polymer of the solid polymer electrolyte.

The above manner of cooling the sealed battery can be
conducted by a cooling manner of cooling an object using an
incombustible compressed gas comprising one or more gases
selected from the group consisting of N2 gas, Ar gas, He
gas, C02 gas and fluorocarbon gas.

Besides this, it is possible for the above manner of
cooling the sealed type battery to be conducted by a manner
of cooling the sealed type battery by immersing it in a
cooling agent or a liquefied gas. The cooling agent can
include, for example, a mixture comprising dryice and
methanol and a mixture comprising dryice and ethanol. The
liquefied gas can include, for example, liquid nitrogen and
the like.

Alternatively, it is possible for the above manner of
cooling the sealed type battery to be conducted by a manner
of immersing the sealed type battery in water, followed by
freezing the enclosed type battery together with the water.

In this case, the sealed type battery is desired to be
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seal ed type battery sealed, conprising at | east a step of 7 decreasing
the ionic conductivity between the cathode and anode and a step of opening
the battery housing. A second aspect of the present invention lies in a
recovering apparatus for recovering the conponents of a sealed type
battery, conprising at |east a neans for decreasing the ionic conductivity
bet ween the cathode and anode and a neans for opening the battery housing.

opened in a state in that the sealed type battery is sealed
in the ice.

In the recovering process for recovering the
components of a sealed type battery, it is desired for the
step of opening the battery housing after the ionic
conductivity between the cathode and anode has been
decreased to be conducted in an incombustible atmosphere.
In this case, there are provided advantages in that the
battery components are prevented from being oxidized or
combusted and they can be safely recovered while desirably
preventing them from being damaged or deteriorated at a
high recovery. The above incombustible atmosphere may be an
atmosphere composed of one or more gases selected from the
group consisting of N2 gas, Ar gas, He gas, CO2 gas,
fluorocarbon gas, and steam. In the case where the
foregoing cooling manner using the incombustible compressed
gas is employed in the step of decreasing the ionic
conductivity between the cathode and anode, the gas used to
constitute the atmosphere for opening the battery housing
is desired to the same as the gas used as the compressed
gas.

As the manner of opening the battery hdusing, there
can be illustrated alcutting process using a high pressure
water, a cutting process using a energy beam, a

mechanically cutting process, and a cutting process by way
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic fl ow difagram
illustrating an exanple of the recovering process for recovering the
conponents of an seal ed type battery according to the present invention.
FIG 2 is a schematic flow diagramillustrating another exanple of the
recovering process for recovering the conponents of a sealed type battery
according to the present invention. FIG 3 is a schematic di agram
illustrating the constitution of an exanple of an apparatus suitable for
extracting an electrolyte solution or a solvent thereof

of spraying a high pressure water containing an abrasive
mixed therein to an object through a jet nozzle.

In the present invention, by subjecting the batfery
to discharging prior to opening the housing of the sealed
type battery, preferably at a stage before decreasing the
ionic conductivity between the cathode and anode, to open
the sealed type battery can be more safely conducted. In
this case, the chemical composition of the constituent
material for each of the cathode and anode active material
layers becomes uniform without depending upon the residual
battery capacity before the discharging, where the cathode
material and the anode material each having a satisfactory
uniformity in terms of the chemical composition can be
recovered. Further in this case, by means of the
discharging, it is possible to withdraw the energy remained
in the enclosed battery.

Further in the present invention, by sorting the
sealed batteries depending on the shape or the type before
their housings are unsealed, their components can be
efficiently recovered.

As previously described, the recovering apparatus
according to the present invention for recovering the
components of a sealed type battery sealed by a battery
housing, comprises at least a means for decreasing the

ionic conductivity between the cathode and anode and a
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present in a sedled type battery to decrease the ionic conductivity between
the cathode and anode in the sealed type battery prior to opening the

seal ed type battery, which is used as a part of the recovering apparatus
according to the present invention. FIG 4 is a schematic di agram

il lustrating the 8 constitution of another exanple of an apparatus for
extracting an electrolyte solution or a solvent thereof

means for opening the battery housing.

The means for decreasing the ionic conductivity
between the cathode and anode is desired to comprise at
least a means for extracting the electrolyte solution or
the solvent thereof present inside the battery housing
outside the battery housing. In the case where the sealed
type battery is provided with a safety vent, this means is
desired to have a function of actuating the safety wvent,
for instance, by decreasing the pressure of the atmosphere
outside battery housing to increase the inside pressure of
the battery housing across the safety vent whereby causing
a differential pressure between the outside and the inside
of the battery housing and a means for extracting the
electrolyte solution or the solvent thereof present inside
the battery housing outside the battery housing through the
safety vent. The means for extracting the electrolyte
solution or the solvent thereof present inside the battery
housing outside the battery housing is desired to comprise
a vessel provided with at least an exhaust means. It is
desired for the vessel in this case to be provided with a
member which can be close-contacted with or joined to the
battery housing's exterior wall face including a portion of
the battery capping in the neighborhood of the safety vent
and an opening (or a passage) for transferring the

electrolyte solution or the solvent thereof (which is
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present in a sealed type battery to decrease the ionic conductivity between
the cathode and anode in the sealed type battery prior to opening the

encl osed battery, which is used as a part of the recovering apparatus
according to the present invention. FIG 5 is a schematic conceptual view
il lustrating an apparatus portion as a principal portion of the recovering
apparatus according to the present invention, conprising a cooling neans
and an unsealing (opening) neans. FIG 6 is a schematic diagram of an
exanpl e of a cooling neans used in the recovering apparatus according to

the presegktirB%@BH ¢Rom the battery) into the vessel.

In the above described vessel, a port capable of
introducing air, nitrogen gas (Nz) or inert gas thereinto
may be provided through a valve.

In the recovering apparatus according tc the present
invention, for instance, by establishing a closed or sealed
space by a part of the battery housing's exterior face
including the battery capping or the entire thereof
(including the portion through which the electrolyte
solution or the solvent thereof is extracted) and the above
described vessel and decreasing the inner pressure of the
sealed space than the inner pressure of the enclosed
battery while maintaining the safety vent portion in the
sealed space, the electrolyte solution or the solvent
present inside the battery housing can be desirably
recovered into the vessel through the safety vent.

In the recovering apparatus according to the present
invention, the above closed (sealed) space is desired to be
established by connecting the above vessel provided with
the exhaust means to a region including a portion (e.g.,
the safety vent) through which the electrolyte solution or
the solvent thereof present inside the battery housing is
extracted after the inner pressure of the above vessel has
been decreased than the atmospheric pressure by means of

the exhaust means provided at the vessel.
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FIG 7 is a schematic cross-sectional viewillustrating an exanple of a
seal ed type battery whose conponents are recovered in the present

invention. FIDG 8 is a schematic cross-sectional viewillustrating an
exanple of a coin-like shaped battery. FIG 9 is a schematic
cross-sectional view illustrating an exanple of a spiral-wound cylindrical
battery. FIG 10 is a schematic perspective view illustrating an exanpl e of

a prismatic battery.

In the recovering apparatus according to the present
invention, it is possible that the above closed space is
first established by the above and thereafter, the inner
pressure of the sealed space is lowered than the inner
pressure of the sealed battery by means of the above
exhaust means provided at the vessel.

In the recovering apparatus according to the present
invention, the foregoing means for decreasing the ionic
conductivity between the cathode and anode is desired to
comprise a cooling means for cooling the sealed type
battery.

To cool the sealed type battery by means of the
cooling means is desired to be conducted by using an
incombustible compressed gas comprising one or more gases
selected from the group éonsisting of N2 gas, Ar gas, He
gas, CO2 gas and fluorocarbon gas in the cooling means.

Alternatively, to cool the enclosed battery by means
of the cooling means may be conducted by using a cooling
agent or a liquefied gas in the cooling means. The cooling
agent can include, for example, a mixture comprising drvice
and methanol and a mixture comprising dryice and ethanol.
The liquefied gas can include, for example, liquid nitrogen
and the like.

Further, it is possible that the sealed type battery

is immersed in water, followed by freezing the sealed type
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DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBODI MENTS As previ ously

descri bed, the present invention includes a recovering process for
recovering the conponents of a sealed type battery seal ed, conprising at

| east a step of decreasing the ionic conductivity between the cat hode and
anode and a step of opening the battery housing; and a recovering apparatus
for recovering the conponents of a sealed type battery, conprising at |east
a nmeans for decreasing the ionic conductivity between the cathode and anode
and a neans for opening the battery housing.

battery together with the water. In this case, the sealed
type battery is desired to be opened in a state in that the
enclosed battery is sealed in the ice.

In the recovering apparatus according to the present
invention, as the means for unsealing the battery housing,
there can be illustrated a cutting means using a high
pressure water, a cutting means using a energy beam, a
mechanically cutting meaﬁs, and a cutting means using a
high pressure water containing an abrasive mixed therein.

To'open the battery housing by any of these cutting
means is desired to be conducted in an incombustible
atmosphere. The incombustible atmosphere may be an
atmosphere composed of one or more gases selected from the
group consisting of N2 gas, Ar gas, He gas, CO2 gas,
fluorocarbon.gas, and steam. |

In the following, preferred embodiments of the
present invention will be described while referring to the
drawings.

FIG. 1 is a schematic flow diagram illustrating an
example of the recovering process for recovering the
components of a sealed type battery according to the
present invention.

Description will be made of an embodiment of the
recovering process according to the present invention with

reference to FIG. 1.
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A principal feature of the recovering process is that prior to opening the
seal ed type battery, to decrease the ionic conductivity between the cathode
and anode is conducted. Simlarly, a principal feature of the recovering
apparatus according to the present invention is to have a specific neans
for decreasing the ionic conductivity between the cathode and anode pri or
to opening the enclosed type battery. In the present invention, by
extracting the electrolyte solution or the solvent of the electrolyte
solution outside the sealed type battery to decrease the ionic conductivity

between the CatERdgrQBg %gog%fggk ht&% recover the components of a

sealed type battery, used sealed type batteries (FIG. l(a-
1)) collected for recovering their components are first
sorted depending on the shape or the type (see, FIG. l{(a-
2)).

Then, the sealed type battery thus sorted is
subjected to decrease the ionic conductivity between the
anode and cathode (see, FIG. 1{(a-3)). In this case, to
decrease the ionic conductivity between the cathode and
anode may be conducted by the foregoing manner of
extracting the electrolyte sclution or the solvent thereof
present between the cathode and anode (in the case of using
the electrolyte solution as the electrolyte in the battery)
outside the battery housing through the safety bent or the
like annexed to the battery housing. Alternatively, if may
be conducted by the foregoing manner of cooling the battery
to decrease the ionic conductivity between the cathode and
anode.

Thereafter, the battery housing is opened (see, FIG.
1(a-4)), followed by taking out a body comprising the
battery components present inside the battery housing (see,
FIG. 1{(a-5}).

The body thus taken out is washed (see, FIG. 1l{a-6).
Then, the body is dissociated (separated) into individual

battery components and the battery components thus
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opening the battery housing of the sealed type battery, 10 even in the
case where internal shorts should be occurred between the cathode and anode
when the battery housing is opened or the battery conponents are taken out
fromthe inside of the battery housing as will be described later, the
occurrence of sudden energy rel ease and conbustion due to the internal
shorts is effectively prevented. As a result, it is possible to safely
recover the battery

dissociated are recovered (see, FIG. 1(a-7)).

FIG. 2 is a schematic flow diagram illustrating
another example of the recovering process for recovering
the components of a sealed type battery according to the
present invention.

Description will be made of another embodiment of the
recovering process according to the present invention with
reference to FIG. 2.

In order to efficiently recover the components of
each used sealed type battery, used sealed type batteries
(FIG. 2(b-1)) collected for recovering their components are
first sorted depending on the shape or the type (see, FIG.
2(b-2)).

Then, the sealed type battery thus sorted is cooled
to decrease the ionic conductivity between the anode and
cathode whereby increasing the internal resistance (see,
FI1G. 2(b-3)).

Thereafter, the battery housing of the sealed type
battery thus cooled in the above step is opened in an
incombustible atmosphere (see, FIG. 2(b-4)).

Then, in the case where the battery in the sealed
type battery is based on a lithium battery, an appropriate
reacting agent is reacted with the active lithium present
inside the battery housing to decrease the reactivity of

the lithium (see, FIG. 2(b-5)).
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conponents w thout being deteriorated or destroyed. By this, there can be -
real i zed safe recovery of the conponents of the sealed type battery at a

hi gh recovery rate. The recovering process and apparatus according to the
present invention are effective in recovering the conmponents of any seal ed
type batteries including sealed type primary and secondary (rechargeabl e)
batteries, notwithstanding the kind of a battery enclosed therein. Specific
exanpl es of such sealed type battery for which the recovering process and
the recovering apparatus according to the present invention are

particularly efd eetlve Jdh § CoOUSEdN %SRS PEAE & AWROLSRLS are Tithium
components present inside the battery housing is taken out
(see, FIG. 2(b-06)).

In the case where the electrolyte is in the liquid
state, the body (comprising the battery components) thus
taken out is washed with an appropriate organic solvent
(see, FIG. 2{(b-7)).

Then, the body thus washed is dissociated into
individual battery components and the battery components
thus dissociated are recovered (see, FIG. 2(b-8)).

If necessary, the residual electric capacity in the
used sealed battery may be discharged after sorting the
battery, where the steps of opening the battery housing,
dissociating the battery into individual components and
recovering the components maf be conducted more safely.
Specific examples of the manner for doing this, there can
be mentioned a manner wherein the anode and cathode
terminals of the battery are electrically connected to a
capacitor to conduct discharging, and a manner wherein
charging is conducted by connecting a resistance between
the anode and cathode terminals of the battery. In any
case, the charging is conducted until the electric capacity

of the battery decreases suddenly.
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batteries including lithiumion rechargeable batteries (in which an anode
conprising a carbonous material capable of intercalating lithiumion is
used) in which el ectrochem cal oxidation-reduction reaction of lithiumion
i s used; nickel-nmetal hydride rechargeable batteries having an anode
conprising a hydrogen storage alloy and in which el ectrochem cal

oxi dati on-reduction reaction of hydrogen ion is used; and nickel -cadm um
batteries. Herein, for the lithiumbatteries, a variety of

In the following, with reference to the drawings,
description will be made of the foregoing manner of
extracting the electrolyte or the solvent thereof present
inside the battery housing as a measure for decreasing the
ionic conductivity between the cathode and anode in a
sealed type battery.

FIG. 3 is a schematic diagram illustrating the
constitution of an example of an apparatus suitable for
extracting an electrolyte solution or a solvent thereof
present in a sealed type battery to decrease the ionic
conductivity between the cathode and anode in the sealed
type battery prior to opening the housing of the sealed
type battery, which is used as a part of the recovering
apparatus according to the present invention.

| FIG. 4 is a schematic diagram illustrating the
constitution of another example of an apparatus suitable
for extracting an electrolyte solution or a solvent thereof
present in a sealed type battery to decrease the ionic
conductivity between the cathode and anode in the sealed
type battery prior to opening the housing of the sealed
type battery, which is used as a part of the recovering
apparatus according to the present invention.

Each of the apparatus shown in FIGs. 3 and 4 is
corresponding to an example of a system used in the

foregoing recovering apparatus, for extracting the
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encl osed type primary lithiumbatteries having an anode conprising a
lithiumnmetal have been frequently using in potable instrunments such as
canmeras, wistwatches and the |like. And the consunption of these primary
lithiumbatteries are expected to further increase in the future. In

addi tion, the consunption of rechargeable lithiumbatteries is expected to
I ncrease in the future. Under this circunstance, the waste di sposal of
these lithiumbatteries will be possibly a serious problemin the future as
well as in the case of other batteries. In this respect, it is an urgent

e oy SledtaONAd ELANLSL YL LAY SRI&nt OMORESE SeRESHAS+RROISS,
safety vent or the like to decrease the ionic conductivity
between the cathode and anode in the sealed type battery
prior to opening the housing of the sealed type battery
while recovering the electrolyte solution or the solvent
thereof.

In the case of the apparatus shown in FIG. 3, the
apparatus is contacted through its specific contact means
with a sealed type battery having a safety vent such that
the apparatus is tightly contacted with a portion of the
battery housing's exterior wall of the sealed type battery
in the neighborhood of the safety vent and the neighborhood
of the safety vent is locally depressurized to cause a
differential pressure between the outside and the inside of
the battery housing. By this, the safety vent is actuated
to communicate the outside and the inside of the battery
housing whereby the electrolyte or the solvent thereof
present inside the battery housing is extracted.

In the case of the apparatus shown in FIG. 4, the
apparatus is provided with a specific vessel capable of
being vacuumed. An enclosed type battery is placed in the
véssel, and the inside (containing the enclosed type
battery) of the vessel is depressurized to relatively
increase the internal pressure of the sealed type battery

whereby causing a differential pressure between the outside
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separators, and housimgs. Now, in order to separately recover the
conponents of an used sealed type l[ithiumbattery, the battery housing is
required to be opened while preventing external npisture invasion, which
wi |l be a cause of damagi ng or deteriorating the battery characteristics.
As a nost sinple manner for unsealing the battery housing of an encl osed
type battery, there is considered a nechanically cutting manner. However,
when this manner is enployed particularly in the case of an encl osed type

and the inside of the battery housing. By this, the safety
vent is actuated to communicate the outside and the inside
of the battery housing whereby the electrolyte or the
solvent thereof present inside the battery housing is
extracted.

Description will be made of the apparatus shown in
FIG. 3 and its operation.

In FIG. 3, reference numeral 100 indicates an
enclosed type battery sealed in a battery housing 101.
Reference numeral 102 indicates a safety bent annexed to
the enclosed type battery.

Reference numeral 103 indicates an extraction pipe
for extracting an electrolyte solution or a solvent of said
electrolyte solution from the battery 100. The extraction
pipe 103 is provided with a switching valve 108 serving as
an extraction valve for an electrolyte or a sclvent of said
electrolyte solution, and it is also provided with a gas
supply pipe for introducing air, nitrogen gas or inert gas
into the apparatus. The gas supply pipe is provided with a
leak valve 113.

Reference numeral 104 indicates a storage tank for
storing the electrolyte solution or the solvent thereof
extracted from the enclosed type battery 100 through the
extraction pipe 103.

Reference numeral 105 indicates a vacuuming means
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12 lithiumbattery, problens are liable to entail in that as the energy per
unit volume and unit weight is extrenely high and a conbustible nateri al
such as organic solvent is contained, a spark is generated or interna
short.s are occurred between the anode and cat hode upon nechanically cutting
the battery housing, where the conponents are danmaged or deteriorated.

Besi des, other problens are liable to entail such that will be described in
the followi ng. Wen the battery conponents situated inside the battery
housi ng are taken out after the battery housi ng has been

comprising a vacuum pump or the like which is connected to
the storage tank 104 through an exhaust pipe 107 provided
with an exhaust valve 109. Reference numeral 106 indicates
an O-ring for attaining a tight contact. Reference numeral
110 indicates a drain valve provided at the storage tank
104.

Particularly, in the apparatus shown in FIG. 3, the
extraction pipe 103 has a first opening portion provided
with the O-ring 106, a second opening portion open into the
storage tank 104, and a gas introduction opening portion
through which air, nitrogen gas or incombustible gas
supplied through the gas supply pipe provided with the leak
valve 113 can be introduced into the inside of the
apparatus. Said first opening portion is situated at an
exterior wall portion of the battery housing 101, said
exterior wall portion including the neighborhcod of the
safety vent 102 of the sealed battery 100, and said
neighborhood including a portion of a battery capping or
1id (not shown) of the battery 100. Particularly, the first
opening portion is tightly contacted with or joined to said
exterior wall portion of the battery housing 101 through
the O-ring 106 as shown in FIG. 3. And as above described,
the second opening portion of the extraction pipe 103 is
open into the storage tank 104. By this, the battery 100 is

communicated with the inside of the storage tank 104
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unseal ed, as the anode and cathode are closed to each other, they tend to
readily suffer frominternal shorts where the internal shorts should be
occurred between them the residual battery energy is released at a stroke
to cause sudden heat generation. Therefore, particularly for a sealed type
lithiumbattery, there is demand for devel opi ng a desirable recovering
process and a desirable recovering apparatus capable of recovering the
battery conponents w thout being danmaged or deteriorated for dealing with
an increase in the consunption thereof. The present invention desirably

meets this demand.
through the extraction pipe 103.

In the above system, there is established a space
comprising the above described battery housing's exterior
wall portion (including the safety vent 102 of the battery
100), the inside of the extraction pipe 103 and the inside
of the storage tank 104. Herein, the battery 100 is
arranged such that its portion having the safety vent 102
downwardly faces as shown in FIG. 3. By means of the
vacuuming means 105 connected through the exhaust pipe 107
provided with the exhaust valve 109 to the storage tank
104, the inside of the system is depressurized to make the
above space have an internal pressure which is lower than
that of the battery 100. By this, the safety vent 102 is
actuated (opened in other words), where the electrolyte
solution or the solvent thereof contained in the battery
100 is extracted into the extraction pipe 103, followed by
flowing into the storage tank 104. As a result, there is
provided a situation in that no electrolyte scolution is
present between the cathode and anode (not shown) in the
battery 100 and the ionic conductivity between the two
electrodes is decreased.

In the above operation, if necessary, it is possible
that the leak valve 113 of the gas supply pipe is actuated
to introduce air, nitrogen gas or inert gas into the

system.
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In~the récovering process for recovering the conponents of a seal ed type
battery which conprises an electrolyte solution as the electrolyte, the
step of 13 decreasing the ionic conductivity between the cat hode and
anode is desired to be conducted by a nmanner of extracting the electrolyte
solution or the solvent thereof present within the battery housing outside
the battery housing. In the case where the encl osed battery provided with a
safety

For the electrolyte solution or the solwvent thereof
extracted into the storage tank 104, a predetermined amount
thereof is periodically drained by actuating the drain
valve 110 to the outside, followed by recovering. The
electrolyte solution or the solvent thefeof thus recovered
may be recycled.

In the following, description will be made of the
apparatus shown in FIG. 4 and its operation.

The apparatus shown in FIG. 4 comprises a battery
container 111 provided with a extraction pipe 103 which is
extended into a storage tank 104. The battery container 111
serves to house a sealed type battery 100 having a safety
vent 102 to be treated. The extraction pipe 103 serves to
extract an electrolyte solution or a solvent of said
electrolyte solution contained in the sealed type battery
100. The extraction pipe 103 has an opening at one end
thereof which is open into the battery container 111 and
another opening at the other end thereof which is open into
the storage tank 104. The extraction pipe 103 is provided
with a switching valve 108 serving as an extraction valve
for the electrolyte solution or the solvent thereof.

The storage tank 104 serves to stofe the electrolyte
solution or the solvent thereof which is extracted from the
battery 100 through the extraction pipe 103. The inside of

the storage tank 104 is connected to a vacuuming means 105
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vent, to extract the electrolyte solution or the solvent thereof outside
the battery housing is desired to be conducted whil e taking advant age of
the safety vent in view of working efficiency, for instance, in a manner
wherein through the safety vent, the pressure of the atnosphere outside the
battery housing is decreased to increase the inside pressure of the battery
housi ng whereby causing a differential pressure between the outside and the
i nside of the battery housing, and by this, the safety vent is actuated to
extract the electrolyte solution or the solvent thereof outside the battery

housing. TRE.BLEELRG! X! GaQLH! bAApOb:" BfieSRLNEkNEBEEACHA BYRaGSL aCt ed

out si de t h&
pipe 107 provided with an exhaust valve 109.

The battery container is provided with a gas supply
pipe provided with a leak valve 113, which serves to
introduce air, nitrogen gas or inert gas into the battery
container 111. Reference numeral 112 indicates a capping
for thé battery container 111. The capping 112 is tightly
capped to the battery container 111 by means of an O~ring
106.

In the above system, there is established a space
comprising the capping 112, the inside of the battery
container 111, the entire of the battery housing's exterior
wall including the safety vent 102, the inside of the
extraction pipe 103 and the inside of the storage tank 104.
Herein, the battery 100 is arranged such that its portion
having the safety vent 102 downwardly faces as shown in
FIG. 4. By means of the vacuuming means 105, the inside of
the system (from the extraction pipe 103 through the
storage tank) is depressurized to make the above space have
an internal pressure which is Lower than that of the
battery 100. By this, the saféty vent 102 is actuated
(opened in other words), where the electrolyte sclution or
the solvent thereof contained in the battery 100 is
extracted into the extraction pipe 103, followed by flowing

into the storage tank 104. As a result, there is provided a
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battery housing can be Tecycled. In the recovering process for recovering
the conponents of a sealed type battery, the step of decreasing the ionic
conductivity between the cathode and anode is desired to be conducted at

| east through a manner of cooling the enclosed type battery. In the case

where this manner is enployed, when a solvent is used in the electrol yte
solution of the sealed type battery, it is desired to cool the sealed

type battery to a tenperature

situation in that no electrolyte solution is present
between the cathode and anode (not shown) in the battery
100 and the ionic conductivity between the two electrodes
is decreased.

In the above operation, if necessary, it is possible
that the leak valve 113 of the gas supply pipe is actuated
to introduce air, nitrogen gas or inert gas into the
system.

For the electrolyte solution or the solvent thereof
extracted into the storage tank 104, a predetermined amount
thereof is periodically drained by opening the drain wvalve
110 to the outside, followed by recovering. The electrolyte

"solution or the solvent thereof thus recovered may be
recycled.

For the sealed type battery from which the
electrolyte solution or the solvent thereof has been
extracted in the system shown in FIG. 3 or 4 as above
described, "its housing is opened by an appropriate
unsealing manner in a state in that the ionic conductivity
between the cathode and anode has been decreased, and the
battery components are recovered.

In the following, description will be made of an
embodiment of the step of increasing the internal
resistance of a sealed type battery by cooling the battery

and an embodiment of the step of opening the housing of
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which is lower than the freezing point of the solvent. In the case where a
solid polyner electrolyte solidified by using a polyner is used in the
seal ed type battery, it is desired to cool the sealed type battery to a
tenperature which is lower than the glass transition tenperature of the
constituent polynmer of the solid polyner electrolyte. The above manner of
cooling the sealed battery can be conducted by a cooling manner of cooling
an object using an inconbustible conpressed gas conprising one or nore
gases selected fromthe group consisting of Nlerr] gas, Ar gas, He gas,

Olerr] gag, a0d L1 OEBLRON, 95 cRELISRLLY Sor' LebBvBOERLPLRM OF The
components of a sealed type battery by decreasing the ilonic
conductivity between the cathode and anode in the sealed
type battery, while referring to an apparatus shown in FIG.
5 having a system capable of conducting these steps.

FIG. 5 is a schematic conceptional view illustrating
an example of an apparatus for cooling a sealed type
battery and opening its battery housing as a part of the
recovering apparatus according to the present invention for
recovering the components of a sealed type battery.

In the apparatus shown in FIG. 5, there is shown a
case wherein a cooling apparatus capable of cooling a
sealed type battery by using a compressed gas of an
incombustible gas is used, and the same incombustible gas
is used as an atmosphere under which to unseal the battery
housing is conducted. The apparatus shown in FIG. 5 is
provided with a means for recovering the gas having used
for cooling the enclosed type battery, purifying the
recovered gas and recycling the purified gas. In the
apparatus shown in FIG. 5, in order to open the battery
housing, a high pressure water or energy beam is used.

The apparatus shown in FIG. 5 and its operation will
be detailed.

In FIG. 5, reference numeral 200 indicates an

enclosed type battery, reference numeral 201 a cooling
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cooling the sealed type battery to be conducted by a manner of cooling the
seal ed type battery by imersing it in a cooling agent or a liquefied gas.
The cooling agent can include, for exanple, a m xture conprising dryice and
met hanol and a m xture conprising dryice and ethanol. The liquefied gas can
i nclude, for exanple, liquid nitrogen and the like. Aternatively, it is
possi bl e for the above manner of cooling the sealed type battery to be
conducted by a manner of imersing the sealed type battery in water,

foll owed by freezing the enclosed type battery together with the water. In

this case, yfhg-seakelal YBE PahbELYthfeU§S5LEd0k9nECapparatus),

reference numeral 202 a low temperature gas, reference
numeral 203 an incombustible atmosphere, reference numeral
204 an unsealing apparatus for a battery housing, reference
numeral 205 a high pressure water or energy beam, reference
numeral 206 a partition wall, reference numeral 207 a
fixing table for an enclosed type battery, reference
numeral 208 a transportation mechanism for an enclosed type
battery, reference numeral 209 a gas feed pipe for a
compressed gas, reference numeral 210 a compressor,
reference numeral 211 a removing device for removing
impurities such as water, reference numeral 212 an
incombustible gas-recovering device, reference numeral 213
a gas pipe for recovering an incombustible gas, reference
numeral 214 a generation device for generating a high
pressure water or energy beam, and reference numeral 215 a
transfer pipe for a high pressure water or a transmission
pipe for an energy beam.

In the apparatus shown in FIG. 5, a used, sealed type
battery 200 is fixed onto the fixing table 207 arranged on
transportation mechanism 208 provided in the chamber .
demarcated by the partition wall 206, followed by
sequentially transporting to the cooling step zone having
the cooling apparatus 201 then to the unsealing step zone

having the unsealing apparatus 204. The chamber space
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15 opened in a state in that the sealed type battery is sealed in the ice.
In the recovering process for recovering the conponents of a seal ed type
battery, it is desired for the step of opening the battery housing after
the ionic conductivity between the cathode and anode has been decreased to
be conducted in an inconbustible atnosphere. In this case, there are

provi ded advantages in that the

demarcated by the partition wall 206 including the zone of
the cooling apparatus 201 and the zone of the unsealing
apparatus is filled with an incombustible gas (the
incombustible atmosphere 203). |

At the cooling apparatus 201, a low temperature gas
202 comprising a cooled incombustible gas is supplied to
the enclosed type battery 200 to cool the electrolyte
contained in the enclosed battery whereby decrease its
ionic conductivity. As the low temperature gas 202 used
herein, it is desired that the incombustible gas inside the
partition wall 206 is recycled to use. Particularly in this
respect, said incombustible gas is recovered by the
incombustible gas-recovering device 212 through the gas
conduit 213 connected to the chamber demarcated by the
partition wall 206, purified by the impurities-removing
device 211, compressed by the compressor 210, supplied to
the cooling apparatus 201, followed by supplying to the
enclosed type battery 200 as the low temperature gas 202
(the compressed gas).

In the above cooling step for cooling the enclosed
type battery, it is possible to cool the sealed type
battery, for example, by using a cooling agent or ligquefied
gas. Alternatively, to cool the sealed type battery may be
conducted by a manner wherein the sealed type battery is

immersed in water, followed by freezing the water together
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battery conponents are prevented from bei ng oxidi zed or conbusted -and they
can be safely recovered while desirably preventing themfrom bei ng damaged
or deteriorated at a high recovery. The above inconbusti bl e atnosphere nmay
be an at nosphere conposed of one or nore gases selected fromthe group
consisting of N2 gas, Ar gas, He gas, CJerr] gas, fluorocarbon gas, and
steam In the case where the foregoing cooling manner using the

i nconbusti bl e conpressed gas is enployed in the step of decreasing the
ionic conductivity between the cathode and anode, the gas used to

consty (Ut e e BIORRIEL £y 9L RPBALDI-ALC, DELLE]Y: OLEL IS EnCERbr o0 Lo the
ice. '

Then, at the unsealing apparatus 204, for example, a
high pressure water or energy beam 205 is effected to the
sealed type battery 200 having been cooled in the above
cooling step to open the battery housing. The high pressure
water or energy beam used herein is produced by the
generation device 214, followed by supplying to the
unsealing apparatus 204 through the transfer pipe or
transmission pipe 215.

In the following, description will be made of
detailed conditions in the cooling step for cooling an
enclosed type battery, said cooling step including the
foregoing cooling step using the apparatus shown in FIG. 5.

Cooling Temperature

Description will be made of the cooling temperature
to which an enclosed type battery is cooled in order to
decrease the ionic conductivity of the electrolyte.

For instance, when the sealed type battery is a
sealed type lithium battery in which an electrolyte
solution comprising an electrolyte and an organic solvent
is used as the electrolyte, in order to decrease the ionic
conductivity of the electrolyte, the lithium battery is
desired to be cooled to a temperature which is lower than

the freesing temperature of the organic solvent of the
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gas. As the manner of opening the battery housing, there can be illustrated
a cutting process using a high pressure water, a cutting process using a
energy beam a nechanically cutting process, and a cutting process by way
of spraying a high pressure water containing an abrasive mxed therein to
an object through a jet nozzle. In the present invention, by subjecting the
battery to discharging prior to opening the housing of the sealed

electrolyte solution.

When the electrolyte of the lithium battery comprises
a'polymer solid electrolyte solidified by using a polymer,
in order to decrease the ionic conductivity of the
electrolyte, the lithium battery is desired to be cooled to
a temperature which is lower than the glass transition
temperature of the polymer of the polymer solid
electrolyte.

Specifically, the range of the cooling temperature is
preferably O °C or less, more preferably -20 °C or less.

In the case where the sealed type battery is other
sealed type battery such as sealed type metal hydride
battery, sealed type nickel-cadmium battery, sealed type
lead-acid battery, or the like, the cooling temperature for
these batteries is desired to be in the above described
temperature range.

Cooling Means

Description will be made of the cooling means for
cooling a sealed type batter in drder to decrease the ionic
conductivity of the electrolyte.

To cool a sealed type battery in order to decrease
the ionic conductivity of the eléctrolyte may be conducted
by a cooling manner with the use of a compressed gas
comprising an incombustible gas (by using an appropriate

cooling apparatus such as the cooling apparatus 201 shown
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type battery, preferably at a stage before decreasing the ionic
conductivity between the cathode and anode, to open the sealed type battery
can be nore safely conducted. In this case, the chem cal conposition of the
constituent material for each of the cathode and anode active nmateri al

| ayers becones uniform w t hout dependi ng upon the residual battery capacity
before the discharging, where the cathode material and the anode materi al
each having a satisfactory uniformty in terns of the chem cal conposition
can be recovered. Further in this case, by neans of the discharging, it is

possible to wehpdray the SRR LBTHNES hanhel Gt IR L RAY £y -
ligquefied gas or a cooling agent.

The cooling manner with the use of a compressed gas
comprising an incombustible gas may be conducted also by
using a cooling apparatus as shown in FIG. 6. The cooling
apparatus shown in FIG. 6 is a tube-like shaped cooling
apparatus comprising a compressed gas supply port 705
through which a compressed gas 704 is supplied, a hot gas
exhaust port 708 including a pressure regulator 706, a
cooling gas outlet 702, and a vortex generator zone 703 to
generate a vortex flow 709. Reference numeral 701 indicates
a direction for a cooling gas to be spouted, and reference
numeral 707 a hot gas to be exhausted.

In the cooling apparatus shown in FIG. 6, by flowing
a compressed gas 704 into the inside of the apparatus
through the gas supply port 705, a cooling gas is spouted
in the direction 701 through the cooling gas outlet 702. In
the case where a gas having a temperature of about 16 °C is
supplied at a gas pressure of 3 to 7 Kg/cm2 through the gas
supply port 705, there is cobtained a cold gas having a
temperature of about -10 to about -50 °C. The compressed
gas used in this apparatus may comprise an incombustible
gas comprising one or more gases selected from the group
consisting of N2 gas, Ar gas, He gas, CO2 gas, and
fluorocarbon gas.
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Further in the present invention, by sorting the seal ed batteries depending
on the shape or the type before their housings are unsealed, their
conponents can be efficiently recovered. As previously described, the
recovering apparatus according to the present invention for recovering the
conponents of a sealed type battery sealed by a battery housing, conprises
at |l east a neans for decreasing the ionic conductivity between the cathode
and anode and a

By this, particularly in the case where the cooling
step and the opening step for the sealed type battery in an
continuous atmosphere (which will be described later), even
when internal shorts should be incidentally occurred
between the node and cathode upon opening the battery
housing by way of a cutting manner, the generation of a
spark can be desirably prevented. Further, in the case of
an enclosed type battery having a battery housing capable
of being opened by way of disassembling without conducting
cutting operation or the like, the generation of a spark
due to internal shorts between the anode and cathode can be
desirably prevented at the time when the components
including the electrodes are taken out. Because of this,
the recovery operation of the battery components can be
safely conducted.

In the case where the cooling step is conducted using
a liquefied gas, there can be employed a cooling manner
wherein the entire of an sealed type battery to be opened
is directly immersed in an appropriate ligquefied gas such
as liquid nitrogen, liquid helium or the like or a cooling
manner wherein a gasified low temperature gas of a
ligquefied gas is sprayed onto the battery housing of the
sealed type battery to be unsealed.

In the case where the cooling step is conducted using

a cooling agent, the cooling agent can include dryice-
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17 means for opening the battery housing. The neans for decreasing the
I oni ¢ conductivity between the cathode and anode is desired to conprise at
| east a means for extracting the electrolyte solution or the sol vent

t her eof present

the case where the sealed type battery is provided wwth a safety vent,
nmeans i s desired to have a function of actuating the safety vent, for

i nst ance,

by decreasing the pressure of the atnosphere outside battery

i nside the battery housing outside the battery housing.

In
this

housing to increase the inside pressure of the battery housing across the

safety venle Mig{SPY &AMEd%thanol, and ice.

As previously described, it is possible that a sealed
type battery is immersed in water, the water is frozen
together with the battery, followed by opening the battery
housing in a state in the battery is sealed in the ice.

Battery Opening

Daescription will be made of particulars in the
opening step for opening the housing of a sealed type
battery in which the ioconic conductivity of the electrolyte
has been decreased by means of the apparatus shown in FIG.
3 or 4 and in the opening step in the apparatus shown in
FIG. 5.

The atmosphere in which to open the housing of a
sealed type battery is conducted is desired to be comprised
of an incombustible gas comprising one or more gases
selected from the group consisting of N2 gas, Ar gas, He
gas, CO2 gas, steam, and fluorocarbon gas. In this case,
even when internal shorts should be incidentally occurred
between the anode and cathode upon opening the battery
housing, the generation of a spark is desirably prevented
and in addition, the battery components are desirably
prevented from being damaged due to oxidation.

In the case where the cooling step is conducted by
spraying a low temperature gas to the sealed type battery

as previously described, by using a gas of the same kind as
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a differenti al

pressure between the outside and the inside of the battery

housing and a neans for extracting the electrolyte solution or the sol vent

t her eof present
t hrough t he saf
or the sol vent

i nside the battery housing outside the battery housing
ety vent. The neans for extracting the electrolyte solution
t hereof present inside the battery housing outside the

battery housing is desired to conprise a vessel provided with at |east an

exhaust neans.

It is desired for the vessel in this case to be provided

with a menber which can be close-contacted with or joined to the battery

ousi N’ o B4 TGP UdriAGe |96 Uk Neha BOALLLRuEN: IO BRETErY capping in

t he nei ghb

vent
atmosphere in which the unsealing step is conducted, there

are provided advantages such that the operation including
recovery and recycling of the gas can be readily conducted
and the running cost is reasonable.

Specific examples of the above fluorocarbon gas are
tetrafluoromethane, hexafluoroethane, perfluoropropane,
trifluoromethane, monobromotrifluoromethane,
dichlorodifluoromethane, and chlorotrifluoromethane.

Battery Unsealing Means

As previously described, to open the battery housing
of a sealed type batter may conducted an appropriate
unsealing manner by way of cutting with the use of a high
pressure water or an energy beam {for instance, the
unsealing manner using the unsealing apparatus 204 shown in
FIG. 5) or a mechanically cutting manner.

The cutting with the use of a high pressure water may
be conducted, for example, by a manner of spraying an
extra-high pressure water of preferably 1000 Kg/cm2 or more
or more preferably, 3000 Kg/cm2 or more onto the battery
housing of an enclosed type battery in a jet-like state
through a nozzle. In this case, the extra-high pressure
water to be sprayed may contain an appropriate abrasive
depending upon the kind of the constituent of the battery

housing.
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and an opening (or a passage) for transferring the electrolyte solution or
the solvent thereof (which is 18 extracted fromthe battery) into the
vessel. In the above described vessel, a port capable of introducing air,
nitrogen gas (N2) or inert gas thereinto may be provided through a val ve.
In the recovering apparatus according to the present invention, for

I nstance, by establishing a closed or seal ed

The above energy beam can include laser beam,
electron beam and the like.

The above mechanically cutting manner may be
conducted by using a cutting apparatus of cutting an object
by rotating a disc-like shaped blade (having a hard and
sharp edge) at a high speed or by way of shearing.

Incidentally, in the case where the sealed type
battery is cooled such that the battery is sealed in the
ice as previously described, to open the housing of the
battery is desired to be conducted while maintaining said
sealed state.

For the sealed type battery in which the ionic
conductivity of the electrolyte has been decreased and
whose housing has been opened as previously described, the
inside of the resultant battery is subjected washing or the
like, followed by subjecting to classification and
separation, and at a final stage, the constituent
components thereof are recovered.

Decrease of Reactivity of Active Lithium and
Recovery of Lithium Element

In the case where the sealed type battery to be
subjected to recover is a sealed type lithium battery,
after the battery housing has been opened, by decreasing
the reactivity of an active lithium contained in the

lithium battery, the successive step for recovering the
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space by a part of the battery housing's exterior face including the
battery capping or the entire thereof (including the portion through which
the el ectrolyte solution or the solvent thereof is extracted) and the above
descri bed vessel and decreasing the inner pressure of the seal ed space than
the inner pressure of the enclosed battery while maintaining the safety
vent portion in the seal ed space, the electrolyte solution or the sol vent
present inside the battery housing can be desirably recovered into the
vessel through the safety vent. In the recovering apparatus according to

the presenta{ fYePtéQRpohdEtaPONR 5 0sEE{5 8L Gk BRACeTESadasbhed e

reactivity of the active lithium having a high reactivity
may be conducted by a manner of reacting an appropriate
reacting agent with the active lithium. From the reaction
product comprising the reacting agent and lithium obtained
in this case, the recovery of lithium element can be easily
conducted.

Specific examples of the reacting agent are water,
alcohols, acids, carbon dioxide, and mixtures of two or
more of these.

Recovery of Electrolyte Sclution

In the case where the electrolyte solution of a
sealed type battery is extracted by increasing the internal
pressure of the enclosed type battery, for instance, in the
manner previously described with reference to FIGs. 3 and
4, followed by opening the battery housing, the recovery of
the electrolyte solution can be easily conducted.

Now, to recover the electrolyte solution in the case
where a sealed type battery is cooled and the battery
housing is opened may be conducted, for example, in the
following manner.

In the case of a sealed type battery in which an
agueous electrolyte solution is used, after the battery
housing is opened, the resultant unsealed battery is

subjected to washing with deionized water, the resultant
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establ i shed by connecting the above vessel provided with the exhaust means
to a region including a portion (e.g., the safety vent) through which the
el ectrolyte solution or the solvent thereof present inside the battery
housing is extracted after the inner pressure of the above vessel has been
decreased than the atnospheric pressure by neans of the exhaust neans
provi ded at the vessel. 19 In the recovering apparatus according to the
present

washed solution is filtrated, followed by vaporizing water,
whereby the electrolyte can be recovered.

In the case of a sealed type battery in which an
electrolyte solution comprisiné an electrolyte dissolved in
an organic solvent is used, after the battery housing is
unsealed, the resultant unsealed battery is subjected to
washing with an appropriate organic solvent, followed by
subjecting to fractional distillation, whereby the
electrolyte solution can be recovered. As the organic
solvent in this case, when an organic solvent incapable of
forming an azeotrope with water is used, there are provided
advantages such that a cutting manner using a high pressure
water can be employed in cutting the battery housing, and
as the reacting agent in order to decrease the reactivity
of the active lithium, readily obtainable water with a
reasonable production cost can be used.

Description will be made of the above organic solvent
incapable of forming an azeotrope with water.

As above described, in the case of an enclosed type
lithium, by using an organic solvent incapable of forming
an azeotrope with water in washing an unsealed lithium
battery obtained as a result of having unsealed the sealed
type lithium battery, even when inexpensive deionized water
is used as the reacting agent to decrease the reactivity of

the active lithium contained in the lithium battery, the
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invention, it is possible that the above closed space is first established
by the above and thereafter, the inner pressure of the seal ed space is

| owered than the inner pressure of the sealed battery by neans of the above
exhaust neans provided at the vessel. In the recovering apparatus according
to the present invention, the foregoing nmeans for decreasing the ionic
conductivity between the cathode and anode is desired to conprise a cooling
means for cooling the sealed type battery. To cool the sealed type battery
by means of the cooling nmeans is desired to be conducted by using an

washing organic solvent can be readily separated from the
water by way of fractional distillation.

Specific examples of the foregoing organic solvent
incapable of forming an azeotrope with water are methanol,
acetone, 1,2-propanediol, dimethyl sulfoxide,
butyrolactone, ethylene carbonate, and propylene carbonate.

In the following, description will be made of an
enclosed type battery whose constituent components are
recovered according to the present invention, while
referring to the drawings.

FIG. 7 is a schematic cross-sectional view
illustrating an example of a sealed type battery whose
constituent components are recovered according to the
recovering process or apparatus according to the present
invention.

The sealed type battery shown in FIG. 7 comprises an
anode 301, a cathode 302 and a separator 303 including an
electrolyte which are enclosed by a battery housing 304. In
the case where a solid electrolyte is used as the
electrolyte, no separator is occasionally installed.
Reference numeral 305 indicates a negative terminal, and
reference numeral 306 indicates a positive terminal.

For the configuration of the enclosed type battery
(particularly, the sealed type rechargeable battery) whose

constituent components are recovered according to the
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i ncombusti bl e conpressed gas conprising one or nore gases selected fromthe
group consisting of N2 gas, Ar gas, He gas, CO2 gas and fluorocarbon gas in
the cooling nmeans. Alternatively, to cool the enclosed battery by nmeans of
the cooling nmeans may be conducted by using a cooling agent or a liquefied
gas in the cooling means. The cooling agent can include, for exanple, a

m xture conprising dryice and nmethanol and a m xture conprising dryice and
et hanol . The |iquefied gas can include, for exanple, liquid nitrogen and
the like. Further, it is possible that the sealed type battery is inmersed

in water, fé&dé&%%hdnhﬁéégggrﬁktgﬁbé¥§%§§iééggkding to the present

invention, it may be in the form of a flat round shape (or
a coin-like shape), a cylindrical shape, a prismatic shape,
or a sheet-like shape. For the battery structure, it
includes a single-layered type, a multi-layered type and a
spiral-wound type. In the case of a spiral-wound
cylindrical battery comprising a stacked body (comprising a
separator interposed between an anode and a cathode)
wounded in multiple about a predetermined axis, it has
advantages in that the battery area can be increased as
desired and a high electric current can be flown upon
operating charging and discharging. In the case of a
battery in either a prismatic form or sheet-like form, it
has an advantage in that the space of an instrument for
housing the battery can be effectively utilized.'

In the following, description will be made of the
shape and structure of such a battery with reference to
FIiGs. 8, 9 and 10.

FIG. 8 is a schematic cross-sectional view
illustrating an example of a single-layer structure type
flat battery. FIG. 9 is a schematic cross-sectional view
illustrating an example of a spiral-wound cylindrical
battery. FIG. 10 is a schematic perspective view
illustrating an example of a prismatic battery. These

batteries basically have a constitution similar to that
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This is t-he replacenent sheet 20 battery together with the water. In
this case, the sealed type battery is desired to be opened in a state in
that the enclosed battery is sealed in the ice. In the recovering apparatus
according to the present invention, as the neans for unsealing the battery
housi ng, there can be illustrated a cutting neans using a high pressure
water, a cutting nmeans using a energy beam a

shown in FIG. 6 and they comprise a anode, a cathode, a
separator including an electrolyte, a battery housing and a
pair of terminals.

In FIGs. 8 and 9, reference numerals 401 {(in FIG. 8)
indicates an anode comprising an anode active material
layer, reference numeral 501 (in FIG. 9) an anode active
material layer, reference 502 (in FIG. 9) an anode, each of
reference numerals 403 (in FIG. 8) and 508 {(in FIG. 9) &
cathode comprising a cathode active material layer,
reference numeral 503 (in FIG. 9) a cathode active material
layer, each of reference numerals 405 and 505 an anode cap
{or an anode terminal), each of reference numerals 406 and
506 a cathode can (or a cathode terminal), each of
reference numerals 407 and 507 a separator with an
electrolyte (or an electrolyte solution) retained therein,
and each of reference numerals 410 and 510 a gasket (or an
insulating packing).

In FIG. 9, reference numeral 500 indicates an anode
collector, reference numeral 504 indicates a cathode
collector, reference numeral 511 an insulating plate, and
reference numeral 514 a safety wvent.

Particularly, in the single-layer structure type flat
battery shown in FIG. 8, a stacked body comprising the
cathode 403 comprising the cathode active material and the

the anode 401 comprising the anode active material layer
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mechani cal ly cutting means, and a cutting neans using a high pressure water
contai ning an abrasive m xed therein. To open the battery housing by any of
these cutting nmeans is desired to be conducted in an inconbustible

at nosphere. The inconbusti bl e atnosphere may be an at nosphere conposed of
one or nore gases selected fromthe group consisting of Nerr] gas, Ar gas,
He gas, CJerr] gas, fluorocarbon gas, and steam In the foll ow ng,

preferred enmbodinents of the present invention will be described while
referring to the drawings. FIG 1 is a schematic flow diagramillustrating
an stacked through at least the separator 407 having an

electrolyte solution retained therein is housed in the
cathode can 406 on the cathode side. The anode side of the
stacked body in the cathode can 406 is sealed by the anode
cap 405 as the anode terminal and the residual inside space
of the cathode can 406 is packed by the gasket 410
(comprising an insulating material).

In the spiral-wound cylindrical battery shown in FIG.
9, a stacked body wounded in multiple about a predetermined
axis is housed in the cathode can 506 as the cathode
terminal such that the side face and a given bottom face
side of the stacked body are covered by the cathode can
506, said stacked body comprising at least the separator
507 having an electrolyte solution retained therein
interposed between the cathode 508 containing the cathode
active material layer 503 formed on the cathode collector
504 and the anode 502 containing the anode active material
layer 501 formed on the anode collector 500. In the
uncovered side of the cathode can 506, the anode cap as the
anode terminal is installed. The residual inside space of
the cathode can 506 is packed by the gasket 510 (comprising
an insulating material). The stacked electrode body having
the cylindrical structure is electrically isolated from the
anode cap side through the insulating plate 511. The anode

&

502 is electrically connected to the anode cap 505 by means
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exanpl e of the recovering process for recovering the conponents of a seal ed

type battery according to the present invention. Description wll be made
of an enbodi nent of the recovering process according to the present
invention with reference to FIG 1. 21 In order to efficiently recover

t he conponents of a sealed type battery, used sealed type batteries (FIG
| (a-

of the anode lead 512. Similarly, the cathode 508 is
electrically connected to the cathode can 506 by means of
the cathode lead 513. On the anode cap side, there is
provided the safety vent 514 for adjusting the internal
pressure of the battery. This safety vent can be utilized
for extracting the electrolyte solution to the outside as
previously described.

The prismatic battery shown in FIG. 10 comprises a
plurality of unif cells integrated in parallel connection
through a collector in a battery housing 609 having a
capping, wherein each unit cell comprises a separator 607
having an electrolyte solution retained therein interposed
between an anode 601 comprising an anode active material
and a cathode 603 comprising a cathode active material. The
anode 601 is electrically connected to an anode terminal
605, and the cathode 603 is electrically connected to a
cathode terminal 606. The prismatic battery is provided
with a plurality of safety vents 614 at the capping of the
battery housing 609.

In the following, description will be made of each
battery constituent.

As the constituent of the gasket (410, 510), there
can be used, for example, fluororesin, polyvamide resin,
polysulfone resin, or various rubbers. The battery sealing

is typically conducted by way of caulking with the use of

his Sheet Has Been Replaced

AR Can




1)) collected for recovering their conponents are first sorted dependi ng on
the shape or the type (see, FIG I(a- 2)). Then, the sealed type battery
thus sorted is subjected to decrease the ionic conductivity between the
anode and cat hode (see, FIG [(a-3)). In this case, to decrease the ionic
conductivity between the cathode and anode may be conducted by the
foregoi ng manner of extracting the electrolyte solution or the sol vent

t her eof present between the cathode and anode (in the case of using the

el ectrolyte solution as the electrolyte in the battery) outside the battery

housi ng thfl%'%%é@tsﬂ{eéﬂe b@é’éeoéftg’?e structure as shown in FIG. 8

or 9. Besides this, it may be conducted by means of glass
sealing, adhesive sealing, welding or soldering.

As the constituent of the insulating plate 511 shown
in FIG. 9, there can be used organic resins and ceramics.

Now, for the enclosed type battery whose constituent
components are recovered in the present invention, in the
case of such configuration as shown in FIG. 8 or 9, the
electrode terminals, cathode can and ancde can serve
respectively as a battery housing corresponding to the
battery housing of said enclosed type battery in which
respective battery components are housed. Particularly, in
the case of the configuration shown in FIG. 8, the cathode
can 406 and the anode cap 405 serve respectively as a
battery housing which functions also as an outputting
terminal. In the.case of the configuration shown in FIG. 9,
the cathode can 506 and the anode cap 505 serve
respectively as a battery housing which functions also as a
terminal. The constituent of such battery housing
functioning also as the terminal may be stainless steel,
titanium clad stainless steel, copper clad stainless steel,
or nickel-plated steel.

In the configurations shown in FIGs. 8 and 9, since
the cathode can (406, 506) and the anode cap (405, 505)

function respectively also as a battery housing, they are
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| i ke annexed to the battery housing. Alternatively, it may be conducted by
the foregoi ng manner of cooling the battery to decrease the ionic
conductivity between the cathode and anode.; Thereafter, the battery
housing is opened (see, FIG | (a-4)), followed by taking.out a body
conprising the battery conponents present inside the battery housing (see,
FIG 1(a-5)). The body thus taken out is washed (see, FIG I (a-6). Then,
the body is dissociated (separated) into individual battery conmponents and
the battery conponents thus

desired to be constituted by stainless steel.

As in the case of such configuration as shown in FIG.
10, when neither the cathode can nor the anode can
functions also as a battery housing, the constituent of the
battery housing can include metals such as zinc, plastics
such as polypropylene, and composites of a metal or glass
fiber with plastic.

For the enclosed type battery whose constituent
components are recovered in the present invention, it is
desired to be provided with an appropriate safety vent as
in the case of the configuration shown in FIG. 9 (wherein
the safety vent 514 is provided) or FIG. 10 (wherein the
safety vents 614 are provided) in order to ensure the
safety when the internal pressure of the battery is
incidentally increased, by communicating the inside of the
battery with the outside to thereby reduce the increased
internal pressure of the battery. The safety vent may be
constituted by a material comprising a rubbér, a spring, a
metal boll or a rupture foil. The safety vent can be
utilized for extracting the electrolyte solution present in
the battery as previously described.

In the following, description will be made of each of
the anode, cathode, éeparator and electrolyte of the

enclosed type battery used in the present invention.
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22 dissociated are recovered (see, FIG I|(a-7)). FIG 2 is a schematic flow
diagramillustrating another exanple of the recovering process for
recovering the conponents of a sealed type battery according to the present
i nvention. Description will be nade of another enbodi nent of the recovering
process according to the present invention with reference to FIG 2. In
order to efficiently recover the conponents of

ANCDE

The enclosed type battery in which an agueous
electrolyte solution is used and whose constituent
components are recovered in the present invention includes
lead-~acid battery, nickel-cadmium battery, nickel-metal
hydride battery, and nickel-zinc battery.

The anode in these batteries comprises an ancde
active material comprising lead, cadmium, hydrogen-
absorbing alloy or zinc, and an anode collector.

The enclosed type battery whose constituent
components are recovered in the present invention also
includes various lithium batteries. The anode in these
lithium batteries comprises a principal constituent which
retains lithium therein at a stage before operating
discharging, and an anode collector.

Specific examples of such principal constituent are
lithium metals, carbonous materials in which lithium is
intercalated, transition metal oxides, and lithium alloys.

The ancde collector serves to supply an electric
current so that it can be efficiently consumed for the
electrode reaction upon operating charging and discharging
oi to collect an electric current generated.

The anode collector may be constituted by an
appropriate material which is highly electrically

conductive and inactive to the battery reaction.
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each used seal ed type battery, used sealed type batteries (FIG 2(b-1))
collected for recovering their conponents are first sorted depending on the
shape or the type (see, FIG 2(b-2)). Then, the sealed type battery thus
sorted is cooled to decrease the ionic conductivity between the anode and
cat hode whereby increasing the internal resistance (see, FIG 2(b-3)).
Thereafter, the battery housing of the sealed type battery thus cooled in

t he above step is opened in an inconbustible atnosphere (see, FIG 2(b-4)).
Then, in the case where the battery in the seal ed

Specific examples of such material are metals such as
Ni, Ti, Cu, Al, Pt, Pd, Au, and Zn, alloys of these metals
such as stainless steel, and composite metals of tow or
more said metals.

The anode collector may be shaped in a plate-like
form, foil-like form, mesh form, porous form-like sponge,
punching metal form, or expanded metal form.

CATHOODE

The cathode in the enclosed type battery whose
constituent components are recovered in the present
invention generally comprises a cathode collector, a
cathode active material, an electrically conductive
auxiliary, and a binding agent.

The cathode is usually formed by disposing a mixture
of a cathode active material, an electrically conductive
auxiliary and a binding agent on a member capable of
serving as a cathode collector.

The electrically conductive auxiliary can include
graphite, carbon blacks such as ketjen black and acetylene
black, and metal fine powders of nickel or the like.

As the binding agent in the case of using a
nonagueous series electrolyte sdlution, there can be
‘illustrated polyolefines such as polyethylene,
polypropylene, and the like; and fluororesins such as

polyvinylidene fluoride, tetrafluoroethylene polymer, and
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type battery is based on a lithiumbattery, an appropriate reacting agent
Is reacted with the active lithiumpresent inside the battery housing to
decrease the reactivity of the lithium (see, FIG 2(b-5)). 23

Successi vely, a body conprising the battery conponents present inside the
battery housing is taken out (see, FIG 2(b-6)). In the case where the
electrolyte is in the liquid

the like.

As the binding agent in the case of using an agueous
series electrolyte solution, there can be illustrated
celluloses, polivinyl alcohol, and polyvinyl chloride, in
addition those illustrate in the case of using the
nonagqueous series electrolyte solution.

As the cathode active material in the enclosed type
battery in which an aqueous series electrolyte solution is
used and whose constituent components are recovered in the
present invention such as lead-acid battery, nickel-cadmium
battery, nickel-metal hydride battery, or nickel-zinc
battery, there is used lead oxide, nickel (III)
oxyhydroxide or nickel hydroxide.

The enclosed type battery whose constituent
components are recovered in the present invention includes
also various lithium batteries. As the cathode active
material in these lithium batteries, there is usually used
a compound selected from transition metal oxides,
transition metal sulfides, lithium-transition metal oxides,
and lithium-transition metal sulfides. The metals of these
transition metal oxides and transition metal sulfides can
include metals partially having a d-shell or f-shell.
Specific examples of such metal are Sc, Y, lanthanoids,
actinoids, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Tc, Re,

Fe, Ru, 0Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag and Au. Of
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state, the body (conprising the battery conmponents) thus taken out is
washed with an appropriate organic solvent (see, FIG 2(b-7)). Then, the
body thus washed is dissociated into individual battery conponents and the
battery conmponents thus dissociated are recovered (see, FIG 2(b-8)). If
necessary, the residual electric capacity in the used sealed battery may be
di scharged after sorting the battery, where the steps of opening the
battery housing, dissociating the battery into individual conponents and
recovering the conponents may be conducted nore safely. Specific exanples
of the nan&%£s£9rT99i@9 éPjSMnfhgé? 83? Ni and Cu are particularly
appropriate.

The cathode collector in the enclosed type battery
whose constituent components are recovered in the present
invention serves to supply an electric current so that it
can be efficiently consumed for the electrode reaction upon
conducting the charging and discharging or to collect an
electric current generated. The cathode collector is
therefore desired to be constituted by a material which has
a high electrical conductivity and is inactive to the
battery reaction.

The material by which the cathode collector is
constituted can include Ni, Ti, Cu, Al, Pt, Pb, Au, Zn,
alloys of these metals such as stainless steel, and
composite metals of two or more of said metals.

The cathode collector may be shaped in a plate-like
form, foil-like form, mesh form, porous form-like sponge,
punching metal form, or expanded metal form.

Herein, the term "active material" in the foregoing
anode or cathode active material means a material which is
involved in the repetition of electrochemical reversible
reaction of charging and discharging in the battery. Said
active material can include, in addition to said material

which is involved in the above reaction by itself, other

material capable of being involved in the above reaction.
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be nmentioned a& manner wherein the anode and cathode term nals of the
battery are electrically connected to a capacitor to conduct discharging,
and a manner wherein charging is conducted by connecting a resistance

bet ween the anode and cathode term nals of the battery. In any case, the
charging is conducted until the electric capacity of the battery decreases
suddenl y. 24 In the following, with reference to the draw ngs,

SEPARATOR

The separator in the enclosed type battery whose
constituent components are recovered in the present
invention is disposed between the anode and the canthode,
and it serves to prevent the anode and the cathode from
suffering from internal-shorts. In addition, the separator
also serves to retain the electrolyte solution.

The separator is required to have a porous structure
capable of allowing ions involved in the charge and
discharge reaction in the battery to pass therethrough and
it is also required to be insoluble into and stable to the
electrolyte solution.

The separator is usually constituted by a nonwoven
fabric or a memberane having a micropore structure made of
glass, polyolefin such as polypropyvlene or polyethylene,
fluororesin, or polyamide. Alternatively, the separator may
be constituted by a metal oxide film or a resin £ilm
combined with a metal oxide respectively having a number of
micropores.

ELECTROLYTE

For the electrolyte used in the enclosed type battery
whose constituent components are recovered in the present
invention, there can be used an appropriate electrolyte as

it is, a solution of said electrolyte dissolved in a
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description will be nade of the forégoing manner of extracting the

el ectrolyte or the solvent thereof present inside the battery housing as a
nmeasure for decreasing the ionic conductivity between the cathode and anode
in a sealed type battery. FIG 3 is a schematic diagramillustrating the
constitution of an exanple of an apparatus suitable for extracting an

el ectrolyte solution or a solvent thereof present in a sealed type battery
to decrease the ionic conductivity between the cathode and anode in the
seal ed type battery prior to opening the housing of the seal ed type

battery, WOL£DoA8, USEds aRafePPll OF L0EaTE5PYEIAMaving immobilized

using a geling agent.

However, an electrolyte solution obtained by
dissolving an appropriate electrolyte in an solvent is
usually used in a way that said electrolyte sclution is
retained on the separator.

The higher the electrical conductivity of the
electrolyte, the better. Particularly, it is desired to use
such an electrolyte that the electrical conductivity at 25
°C is preferably 1 x 10—3 S/cm or more or more preferably,
5 x 1072 S/cm or more.

In the case of a lead-acid battery, there is used an
aqueous solution of sulfuric acid as the electrolyte.

As the electrolyte in the case of a nickel-cadmium
battery, nickel-metal hydride battery, or nickel-zinc
battery, there is used an aqueocus solution of an alkali.
Particularly, there is usually used an aquecus solution of
potassium hydroxide added with lithium hydroxided.

As the electrolyte in the case of a lithium battery,
there is usually used a given electrolyte dissolved in a
given solvent.

The electrolyte can include inorganic acids such as
H,S0,, HCl and HNO,; salts of Li” (lithium ion) with Lewis
4 + PFg , ClO,”, CF;S0,7, or BPh,
Ph being a phenyl group):; and mixtures of two or more of

acid ion such as BF {with
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apparatus according to the present invention. FIG 4 is a schenatic diagram
illustrating the constitution of another exanple of an apparatus suitable
for extracting an electrolyte solution or a solvent thereof present in a
seal ed type battery to decrease the ionic conductivity between the cathode
and anode in the sealed type battery prior to opening the housing of the
seal ed type battery, which is used as a part of the recovering apparatus
according to the present invention. Each of the apparatus shown in FIGs. 3
and 4 is corresponding to an exanple of a systemused in the foregoing

recoveringapparatus, for extracting the

Besides these, salts of the above described Lewis
acids ions with cations such as sodium ion, potassium ion,
tetraalkylammonium ion, or the like are also usable.

In any case, it is desired that the above salts are
used after they are subjected to dehydration or
deoxygenation, for example, by way of heat treatment under
reduced pressure.

The solvent in which the electrolyte is dissolved can
include acetonitrile, benzonitrile, propylene carbonate,
ethylene carbonate, dimethyl carbonate, diethyl carbonate,
dimethylformamide, tetrahydrofuran, nitrcbenzene,
dichloroethane, diethoxyethane, 1,2-dimethoxyethane,
chlorobenzene, Y-butyrolactone, dioxolan, sulfolan,
nitrometane, dimethyl sulfide, dimethyl sulfoxide, methyl
formate, 3-methyl-2-oxdazolydinone,
Z2-methyltetrahydrofuran, 3-propylsydonone, sulfur dioxide,
phosphonyl chloride, thionyl chloride, sulfuly chloride,
and mixtures of two or more of these.

As for these solvents, it is desired for them to be
subjected to dehydration using activated alumina, molecular
sieve, phosphorous pentaoxide, or calcium chloride, prior
to their use. Alternatively, it is possible for them to be
subjected to distillation in an atmosphere composed of

inert gas in the presence of an alkali metal, wherein
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25 electrolyte solution or the solvent thereof through the safety vent or
the like to decrease the ionic conductivity between the cathode and anode
in the sealed type battery prior to opening the housing of the sealed type
battery while recovering the electrolyte solution or the solvent thereof.
In the case of the apparatus shown in FIG 3, the apparatus is contacted
through its specific contact neans

moisture and foreign matters are removed.

In order to prevent leakage of the electrolyte
solution, it is desired for the electrolyte solution to be
gelated using an appropriate gelating agent.

The gelating agent usable in this case can include
polymers having a property such that it absorbs the solvent
of the electrolyte soclution to swell. Specific examples of
such polymer are polyethylene oxide, polyvinyl alcochol, and
polyacrylamide.

In the following, the present invention will be
described in more detail with reference toc examples, which
are only for illustrative purposes but not intended to
restrict the scope of the present invention to these
examples.

Example 1

In this example, for a prismatic nickel-metal hydride
battery having the configuration shown in FIG. 10, based on
the flow diagram shown in FIG. 1 and using the apparatus
shown in FIG. 3 as a part of the previously described
recovery system, the battery housing thereof was unsealed,
followed by subjecting to washing, the resultant was
dissociated into individual batfery components, and these
battery components were separately recovered.

As the above battery, there was used a used prismatic

nickel-metal hydride battery which comprises a cathode
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with a sealed type battery having a safety vent such that the apparatus is
tightly contacted with a portion of the battery housing's exterior wall of
the seal ed type battery in the nei ghborhood of the safety vent and the

nei ghbor hood of the safety vent is locally depressurized to cause a
differential pressure between the outside and the inside of the battery
housing. By this the safety vent isactuated to conmunicate the outside and
the inside of the battery housi ng whereby the el ectrolyte or the sol vent

t hereof present inside the battery housing is extracted. In the case of the

22102[)?; szcﬂmélmd:|ae‘p&vod§1%l%‘?&&r Heter B IPWHEIE G Al B EPEELELE Vessel
P is filled by nickel hydroxide and nickel fine particles, an
anode comprising a porous nickel material whose porous
structure is filled by a powdery hydrogen storége alloy and
a binder, an electrolyte solution comprising an agqueous
solution of potassium hydroxide added with lithium
hydroxide, and a battery housing made of polyopropylene.

In the following, the step of decreasing the ionic
conductivity in the battery, the unsealing step, and the
recovering step will be sequentially explained with
reference to FIGs. 1 and 3.

1. A capacitor was electrically connected to the
terminal of the prismatic nickel-metal hydride battery,
followed by subjecting the battery to discharging, whereby
the residual electric capacity in the battery was
transferred into the capacitor.

2. The battery thus discharged was set to the
apparatus shown in FIG. 3 such that the safety vent-bearing
face thereof was downward faced as shown in FIG. 3.

3. By actuating the vacuum pump of the vacuuming
means 105 and opening the exhaust valve 109, the inside of
the storage tank 104 was depressurized, followed by closing
the exhaust valve 109. Then, the switching valve 108 was
opened to actuate the safety vents of the battery. By this}

the internal pressure of the battery was increased and as a
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bei ng vacuuned. An enclosed type battery is placed in the vessel, and the
I nside (containing the enclosed type battery) of the vessel is
depressurized to relatively increase the internal pressure of the seal ed
type battery whereby causing a differential pressure between the outside
26 and the inside of the battery housing. By this, the safety vent is
actuated to communi cate the outside and the inside of the battery housing
whereby the el ectrolyte or the

result, the electrolyte solution in the battery was
extracted into the extraction pipe 103, followed by flowing
into the storage tank 104. Thereafter, the leak valve 113
was opened to introduce nitrogen gas into the apparatus,
whereby the inside of the storage tank 104 was returned to
atmospheric pressure. Then, the battery whose electrolyte
solution having been extracted was detached from the
apparatus.

The electrolyte solution of the battery was recovered
in the storage tank 104. The electrolyte solution thus
recovered can be recycled by filtrating and refining it.

4. The battery whose electrolyte solution having been
extracted obtained in the step 3 was set to a high pressure
water cutting apparatus, wherein a high pressure water
(containing a powdery abrasive) of 3500 Kg/cm2 was sprayed
onto the battery to cut and unseal the battery housing of
the battery.

5. From the unsealed battery obtained in the step 4,
the cathode, anode and separator were taken out, washed,
and dried, then followed by classification and recovery.

In this case, because the electrolyte solution had
been extracted from the battery in the step 3, even when
the anode should have been contacted with the cathode upon
taking out them, they could be safely recovered with no

energy release.
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sol vent thereof present inside the battery housing is extracted.
Description will be nmade of the apparatus shown in FIG 3 and its
operation. In FIG 3, reference nuneral 100 indicates an encl osed type
battery sealed in a battery housing 101. Reference nuneral 102 indicates a
safety bent annexed to the enclosed type battery. Reference nuneral 103

I ndi cates an extraction pipe for extracting an electrolyte solution or a
solvent of said electrolyte solution fromthe battery 100. The extraction
pipe 103 is provided with a switching valve 108 serving as

In the above, for the used prismatic nickel-metal
hydride battery before the extraction of the electrolyte
solution was conducted, the impedance between the positive
and negative terminals was measured by means of an
impedance meter. As a result, it was found to be
2 m. And for the used prismatic battery whose electrolyte
solution having been extracted, the impedance between the
terminals was measured in the same manner. As a result, it
was found to be more than 5 M{. This indicates that by the
above cooling, the internal resistance of the bhattery
seemingly has been desirably increased.

In this example, description has been made of the
recovery of the prismatic nickel-metal hydride battery.

But the recovering manner of this example is not
restrictive. The recovering manner is effective in
recovering other enclosed type batteries in which a liguid
electrolyte is used and having a safety vent such as
nickel-cadmium battery, lead battery and lithium batteres
including lithium ion battery.

Example 2

In this example, for a cylindrical lithium battery
having the configuration shown in FIG. 9, based on the flow
diagram shown in FIG. 2 and using the cooling and unsealing
apparatus shown in FIG. 5, the battery housing thereof was

unsealed, followed by subjecting to washing, the resultant
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an extraction valve for an electrolyte or a solvent of said electrol yte
solution, and it is also provided with a gas supply pipe for introducing
air, nitrogen gas or inert gas into the apparatus. The gas supply pipe is
provided with a | eak val ve 113. Reference nuneral 104 indicates a storage
tank for storing the electrolyte solution or the solvent thereof extracted
fromthe enclosed type battery 100 through the extraction pipe 103.

Ref erence nuneral 105 indicates a vacuum ng neans

was dissociated into individual battery components, and
these battery components were separately recovered.

As the above battery, there was used a spent primary
lithium battery in which a anode formed by press-laminating
a lithium metal foil on an expanded metal of nickel, a
cathode formed by applying a paste (obtained by mixing
manganese dioxide (as a cathode active material), acetylene
black (as an electrically conductive auxiliary) and
polyvinylidene fluoride (as a binder)) on a nickel mesh
member and drying the resultant, a separator comprising a
polyethylene member having a number of pores, and an
electrolyte solution obtained by dissolving lithium
tetrafluorocborate in an amount of 1M (mol/1l) in a mixed
solvent composed of ethylene carbonate (EC) and dimethyl
carbonate (DMC) are sealed by way of caulking. And there
was used a stainless steel as the battery housing.

In the following, the step of discharging and
recovering the residual electric capacity in the battery
prior to cooling the battery in the flow diagram in FIG. 2,
the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with
reference to FIGs. 2 and 5.

1. A capacitor was electrically connected to the
outputting terminal of the used cylindrical primary lithium

battery, followed by subjecting the battery to discharging,
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27 conprising a vacuum punp or the lIike which is connected to the storage
tank 104 through an exhaust pipe 107 provided with an exhaust valve 109.
Ref erence nuneral 106 indicates an O-ring for attaining a tight contact.
Ref erence nuneral 110 indicates a drain valve provided at the storage tank
104. Particularly, in the apparatus shown in FIG 3, the extraction pipe
103 has a first opening portion provided wwth the O0-ring 106, a second
openi ng portion open into the storage tank 104, and a gas introduction
openi ng portion

whereby the residual electric capacity in the battery was

trangferred into the capacitor.

2. Using the cooling apparatus 201 in FIG. 5, the
battery discharged in the step 1 was immersed in a liqguid
nitrogen, followed by cooling the battery to a temperature
lower than the coagulation point of the mixed organic
solvent (composed of ethylene carbonate and dimethyl
carbonate} of the electrolyte solution, whereby the ionic
conductivity in the battery was decreased.

The impedances between the positive and negative
terminals before and after the cooling treatment were
measured by using the impedance meter as in Example 1. The
measured results revealed that the impedance of before the
cooling treatment is 60 m{ and that after the cooling
treatment is more than 50 KQ.

Besides, only for the only electrolyte solution, it
was cooled under the same condition as that for cecoling the
battery. And the ionic conductivities of the electrolyte
before and after the cooling treatment. As a result, the
ionic conductivity before the cooling treatment was found

" to seemingly have been decreased to 1/10 by the cooling
treatment.

3. The battery cooled in the step 2 was taken out in

an Ar gas atmosphere, it was mounted on the fixing table

(207, in FIG. 5), followed by transporting by means of the
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t hrough which air, nitrogen gas or inconbustible gas supplied through the
gas supply pipe provided with the | eak valve 113 can be introduced into the
i nside of the apparatus. Said first opening portion is situated at an
exterior wall portion of the battery housing 101, said exterior wall
portion including the nei ghborhood of the safety vent 102 of the seal ed
battery 100, and sai d nei ghborhood including a portion of a battery cappi ng
or Ilid (not shown) of the battery 100. Particularly, the first opening
portion is tightly contacted with or joined to said exterior wall portion
of the batteayspovsatgodlOhethanygh thes- thngrdé06sastshens uAsEkEing. And

as above descri bed,

zone containing the unsealing apparatus (204, in FIG. 5)
comprising a high pressure water cutting apparatus, wherein
an extra-high pressure water of 3500 Kg/cm2 containing a
powdery abrasive was sprayed onto the battery through the
nozzle to cut and unseal the battery housing of the
battery. |

4. The battery thus unsealed was subjected to washing
with methanol, where the active lithium present in the
battery was converted into lithium alccholate. Thereafter,
the resultant mixed solvent composed of the electrolyte
solution and the methanol was recovered. From the
cylindrical can as the battery housing, the anode,
separator and cathode were taken ocut and they were
separately recovered.

Example 3

In this example, for a coin-like shaped rechargeable
lithium battery having the configuration shown in FIG. 8,
based on the flow diagram shown in FIG. 2 and using the
cooling and unsealing apparatus shown in FIG. 5, the
battery housing thereof was unsealed, followed by
subjecting to washing, the resultant was dissociated into
individual battery components, and these battery components
were separately recovered.

As the above battery, there was used a spent coin-
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t he second opening portion of the extraction pipe 103 is open into the
storage tank 104. By this, the battery 100 is comuni cated with the inside
of the storage tank 104 28 through the extraction pipe 103. In the above
system there is established a space conprising the above described battery
housing's exterior wall portion (including the safety vent 102 of the
battery 100), the inside of the extraction pipe 103 and the inside

like shaped rechargeable lithium battery in which a anode
formed by press-laminating a lithium metal foil on an
expanded metal of nickel, a cathode formed by applying a
paste (obtained by mixing a lithium-nickel oxide material
(as a cathode active material), acetylene black (as an
electrically conductive auxiliary) and poiyvinylidene
fluoride (as a binder) to obtain a mixture and and adding
N-methylpyrrolidone to said mixture) on a nickel mesh
member and drying the resultant, and a polymer solid
electrolyte obtained by dissolving lithium
tetrafluoroborate in an amount of 1M {(mol/l) in a mixed
solvent composed of diethyl carbonate and propylene
carbonate with an equivalent mixing ratio and solidifying
the resultant by adding polyethylene oxide thereto are
sealed by way of caulking. And there was used a stainless
steel as the batter housing of the lithium battery.

In the following, the step of discharging and
recovering the residual electric capacity in the battery
prior to cooling the battery in the flow diagram in FIG. 2,
the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with
reference to FIGs. 2 and 5.

As the cooling means {(the cooling apparatus 201 in
FIG.5), there was used a cooling apparatus (trademark name:

VORTEX TUBE, produced by VORTEX Company of the United

heet Has Been Replaced

T -



of the storage tank 104. Herein, the battery 1007i s arranged such that its
portion having the safety vent 102 downwardly faces as shown in FIG 3. By
means of the vacuum ng neans 105 connected through the exhaust pipe 107
provided with the exhaust valve 109 to the storage tank 104, the inside of
the systemis depressurized to nmake the above space have an internal
pressure which is lower than that of the battery 100. By this, the safety
vent 102 is actuated (opened in other words), where the electrolyte
solution or the solvent thereof contained in the battery 100 is extracted

nto the eXLEBLY on BhEn103cohBbbalBd BYs!! QY he BALHIRSAPAS tank

there was used CO2 gas.
1. CO2 gas of 5 Kg/cm2 was fed through the gas
supply port of the foregoing cooling apparatus 201 to spray

a CO, cold blast of -40 °C onto the used coin-like shaped

2
raechargeable lithium battery, whereby the battery was
cocled to a temperature lower than the glass transition
point of the polyethylene oxide of the polymer solid
electrolyte.

The impedances between the positive and negative
terminals of the used battery before and after the cooling
treatment were measured in the same manner as in Example 1.
The measured results revealed that the impedance of before
the cooling treatment is 500 m{ and that after the cooling
treatment is more than 5 M({. Based on this and the result
of the measurement of the ionic conductivities of the
electrolyte solution in the same manner as in Example 2,
the ionic conductivity before the cooling treatment was
found to seemingly have been decreased to 1/10 as a result
of the cocling treatment.

2. The battery coocoled in the step 2 was taken out in
a CO2 gas atmosphere, it was mounted on the fixing table
(207, in FIG. 5), followed by transporting by means of the
transportation mechanism (208, in FIG. 5) to the unsealing

zone containing the unsealing apparatus {204, in FiG. 5)
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provided a situation in that no electrolyte solution is present between the
cat hode and anode (not shown) in the battery 100 and the ionic conductivity
between the two el ectrodes is decreased. In the above operation, if

necessary, it is possible that the | eak valve 113 of the gas supply pipe is
actuated to introduce air, nitrogen gas or inert gas into the system 29

comprising a YAG laser cutting apparatus, wherein laser
beam was irradiated onto the battery to cut and unseal the
battery housing of the battery.

3. From the cut rechargeable battery can as the
battery housing, the anode, polymer solid electrolyte and
cathode were taken out and they were separately recovered.

Example 4

In this example, for a cylindrical rechargeable
lithium battery having the configuration shown in FIG. 9,
based on the flow diagram shown in FIG. 2 and using the
cooling and unsealing apparatus shown in FIG. 5, the
battery housing thereof was unsealed, followed by
subjecting to washing, the resultant was dissociated into
individual battery components, and these battery components
were separately recovered.

As the above battery, there was used a used
cylindrical rechargeable lithium battery in which a ancde
formed by applying a paste (obtained by mixing a natural
graphite with polyvinylidene fluoride {(as a binder) to
obtain a mixture and adding N-methylpyrrolidone to said
mixture) on a copper foil and drying the resultant, a
cathode formed by applying a paste (obtained by mixing a
lithium-cobalt oxide material {(as a cathode active
material), acetylene black (as an electrically conductive

auxiliary) and polyvinylidene fluoride (as a binder) to

This Sheet Has Been Repl

LT —



For the elettrolyte solution or the solvent thereof extracted into the
storage tank 104, a predeterm ned anount thereof is periodically drained by
actuating the drain valve 110 to the outside, followed by recovering. The
el ectrolyte solution or the solvent thereof thus recovered nmay be recycl ed.
In the follow ng, description wll be nade of the apparatus shown in FIG 4
and its operation. The apparatus shown in FIG 4 conprises a battery
container 111 provided with a extraction pipe 103 which is extended into a
storage tank 104. The battery container 111 serves to house a seal ed type

battery 100,084 N9 4 S48 Yana adding N-methylpyrrolidone to said

mixture) on an aluminum foil and drying the resultant,

a separator compfising a polyethylene member having a
number of pores, and an electrolyte solution obtained by
dissolving lithium tetrafluorcborate in an amount of 1M
(mol/1l) in a mixed solvent composed of ethylene carbonate
(EC) and dimethyl carbonate (DMC) with an equivalent mixing
ratio are sealed by way of caulking. There was used a
stainless steel as the battery housing of the battery.

In the following, the step of discharging and
recovering the residual electric capacity in the battery
prior to cooling the battery in the flow diagram in FIG. 2,
the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with
reference to FIiGs. 2 and 5.

As the cooling means (the cooling apparatus 201 in
FIG.5), there was used a cooling apparatus (trademark name:
VORTEX TUBE, produced by VORTEX Company of the United
States) in which a compressed gas. As the compressed gas,
there was used Ar gas.

l. A capacitor was electrically connected to the
outputting terminal of the cylindrical rechargeable lithium
battery, followed by subjecting the battery to discharging,
whereby the residual electric capacity in the battery was

transferred into the capacitor.
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vent 102 to be treated. The extraction pipe 103 serves to extract an

el ectrolyte solution or a solvent of said electrolyte solution contained in
the seal ed type battery 100. The extraction pipe 103 has an opening at one
end thereof which is open into the battery container 111 and anot her
opening at the other end thereof which is open into the storage tank 104.
The extraction pipe 103 is provided with a switching valve 108 serving as
an extraction valve for the electrolyte solution or the solvent thereof.
The storage tank 104 serves to store the electrolyte solution or the

Z)C:![ ;’:2% i E)Ee[)?ag]; 2\&\'8[3%QT:q§s?)é>tsf:’ ?gtfggfc}cfmmwatsh%e%attth%:ro\(xgjho%hteh rgoal’.lsg hsutprb%.y
port of the foregoing cooling apparatus 201 to spray an Ar
cold blast of -30 °C onto the spent cylindrical
rechargeable lithium battery discharged in the step 1,
whereby the battery was cooled to a temperature lower than
the coaguration point of the mixed solvent {(composed of the
ethylene carbonate and dimethyl carbonate) of the
electrolyte solution.

The impedances between the positive and negative
terminals before and after the cooling treatment were
measured in the same manner as in Example 1. The measured
results revealed that the impedance of before the cooling
treatment is 80/m{} and that after the cooling treatment is
more than 5 k@. Based on this and the result of the
measurement of the ionic conductivity of the electrolyte
solution in the same manner as in Example 2, the ionic
conductivity before the cooling treatment was found to
seemingly have been decreased to 1/10 as a result of the
cooling treatment.

3. The battery cooled in the step 2 was taken out in
an Ar gas atmospheré, it was mounted on the fixing table
(207, in FIG. 5), followed by transporting by means of the
transportation mechanism (208, in FIG. 5) to the unsealing
zone containing the unsealing apparatus (204, in FIG. 5)

comprising an extra-high pressure cutting apparatus,
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the storage tank 104 is connected to a vacuum ng neans 105 30 conpri sing
a vacuum punp or the like through an exhaust pipe 107 provided with an
exhaust valve 109. The battery container is provided with a gas supply pipe
provided with a | eak valve 113, which serves to introduce air, nitrogen gas
or inert gas into the battery container 111. Reference nuneral 112

I ndi cates a capping for the battery container 111. The capping 112 is
tightly

wherein an extra-high pressure water (containing a powdery
abrasive) of 3500 Kg/cm2 was sprayed onto the battery to
cut and unseal the battery housing of the battery.

4. The battery thus unsealed was subjected‘to washing
with Water, where the active lithium present in the battery
was converted into lithium hydroxide. Thereafter, it was
further washed, where the resultant mixed solvent composed
of the electrolyte solution, methanol and water was
recovered. From the cylindrical can as the battery housing,
the anode, separator and cathode were taken out and they
were separately recovered. The above mixed solvent composed
of the electrolyte solution, methanol and water was
subjected to distillation, where the electrolyte, organic
solvent and methanol were separately recovered.

Example 5 |

In this example, using a used cylindrical
rechargeable lithium battery having the same constitution
as that of the cylindrical rechargeable lithium battery
used in Example 4 and based on the flow diagram shown in
FIG. 2, the battery housing thereof was unsealed, followed
by subjecting to washing, the resultant was dissociated
into individual battery components, and these battery
components were separately recovered.

In the following, the step of discharging and

recovering the residual electric capacity in the battery
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capped to the battery container 111 by neans of an O-ring 106. In the above
system there is established a space conprising the capping 112, the inside
of the battery container 111, the entire of the battery housing' s exterior
wal | including the safety vent 102, the inside of the extraction pipe 103
and the inside of the storage tank 104. Herein, the battery 100 is arranged
such that its portion having the safety vent 102 downwardly faces as shown
in FIG 4. By neans of the vacuum ng neans 105, the inside of the system
(fromthe extraction pipe 103 through the storage tank) is depressurized to

make the ghoMGr SRAGHIBME the battery in the flow diagram in FIG. 2,
the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with
reference to FIG. 2.

1. A capacitor was electrically connected to the
outputting terminal of the cylindrical rechargeable lithium
battery, followed by subjecting the battery to discharging,
whereby the residual electric capacity in the battery was
transferred into the capacitor.

2. The spent cylindrical rechargeable lithium
battery discharged in the step 1 was immersed in a vessel
filled with water, followed by subjecting to quick
freezing, whereby the battery was sealed in an ice.

The impedances between the positive and negative
terminals of the used battery before and after the cooling
treatment were measured in the same manner as in Example 1.
The measured results revealed that the impedance of before
the cooling treatment is 80 mQ and that after the cooling
treatment is more than 3 k). Based on this and the result
of the measurement of the ionic conductivity of the
electrolyte solution in the same manner as in Example 2,
the ionic conductivity before the cooling treatment was
found to seemingly have been decreased to 1/10 by the
cooling treatment.

3. The battery sealed in the ice in the step 2 was
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an internal preSsure which is lower than that of the battery 100. By this,
the safety vent 102 is actuated (opened in other words), where the

el ectrolyte solution or the solvent thereof contained in the battery 100 is
extracted into the extraction pipe 103, followed by flowng into the
storage tank 104. As a result, there is provided a 31 situation in that
no electrolyte solution is present between the cathode and anode (not
shown) in the battery

taken out in a nitrogen gas atmosphere, it was mounted on a
fixing table, followed by transporting to a disk cutter
capable of rotating at a high speed to conduct cutting for
an cobject, where the battery sealed in the ice was cut
whereby the battery housing of the battery was unsealed.

4. The battery thus uhsealed was thawed, followed by
washing with acetone, where the resultant mixed solvent
composed of the electrolyte solution, acetone and water was
recovered. From the cylindrical can as the battery housing,
the anode, separator and cathode were taken out and they
were separately recovered. The above mixed solvent composed
of the electrolyte solution, acetone and water was
subjected to distillation, where the electrolyte, organic
solvent and methanol were separately recovered.

Example 6

In this example, for a prismatic rechargeable lithium
battery having the configuration shown in FIG. 10, based on
the flow diagram shown in FIG. 2, the battery housing
thereof was unsealed, followed by subjecting to washing,
the resultant was dissociated into individual battery
components, and these battery components were separately
recovered. Though not shown in FIG. 10, in said prismatic
rechargeable lithium battery, a battery housing made of an
aluminum alloy and a battery caping provided with a pair of

outputting and inputting terminals and a plurality of
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100 and the ionic conductivity between the two el ectrodes is decreased. In
t he above operation, if necessary, it is possible that the | eak valve 113
of the gas supply pipe is actuated to introduce air, nitrogen gas or inert
gas into the system For the electrolyte solution or the solvent thereof
extracted into the storage tank 104, a predeterm ned anount thereof is
periodically drained by opening the drain valve 110 to the outside,

foll owed by recovering. The electrolyte solution or the solvent thereof

t hus recovered may be recycl ed.

safety vents are assembled through an O-ring and with
bises.

As the above battery, there was used a used prismatic
rechargeable lithium battery in which a anode formed by
applying a paste {(obtained by mixing a natural graphite
with polyvinylidene fluoride (as a binder) to obtain a
mixture and adding N-methyl-2-pyrrolidone to said mixture)
on a copper foil and drying the resultant, a cathode formed
by applying a paste (obtained by mixing a lithium-cobalt
oxide material (as a cathode active material), acetylene
black (as an electrically conductive auxiliary) and
polyvinylidene fluoride (as a binder) to obtain a mixture
and adding N-methylpyrrolidone to said mixture) on an
aluminum foil and drying the resultant, a separator
comprising a polyethylene member having a number of pores,
and an electrolyte solution obtained by dissolving lithium
tetrafluoroborate in an amount of 1M (mol/l) in a mixed
solvent composed of ethylene carbonate (EC) and dimethyl
carbonate (DMC) with an equivalent mixing ratio are sealed,
and a blade spring for pressing in order to shorten the
distance between the cathode and anode is inserted.

In the following, the step of discharging and
recovering the residual electric capacity in the battery
prior to cooling the battery in the flow diagram in FIG. 2,

the step of cooling the battery, the unsealing step, and
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For the sealed type battery fromwhich the electrolyte solution or the

sol vent thereof has been extracted in the systemshown in FIG 3 or 4 as
above described, its housing is opened by an appropriate unsealing nanner
in a state in that the ionic conductivity between the cathode and anode has
been decreased, and the battery conponents are recovered. In the foll ow ng,
description will be nade of an enbodi nent of the step of increasing the
internal resistance of a sealed type battery by cooling the battery and an
enbodi nent of the step of opening the housing of

the recovering step will be sequentially explained with
reference to FIG. 2.

As the cooling means, there was used dryice-
metahanol.

1. A capacitor was electrically connected to the
outputting terminal of the prismatic rechargeable lithium
battery, followed by subjecting the battery to discharging,
whereby the residual electric capacity in the battery was
transferred into the capacitor.

2. The used prismatic rechargeable lithium battery
discharged in the step 1 was immersed in a dryice-methanol
freezing agent obtained by adding a dryice to methanol,
whereby the battery was cooled to a temperature lower than
the coaguration point of the mixed solvent (composed of the
ethylene carbonate and dimethyl carbonate) of the
electrolyte solution to decrease the ionic conductivity in
the battery.

The impedances between the positive and negative
terminals of the battery before and after the cooling
treatment were measured in the same manner as in Example 1.
The measured results revealed that the impedance of before
the cooling treatment is 70 mQ and that after the cooling
treatment is more than 1 MQ. Based on this and the result
of the measurement of the ionic conductivity of the

electrolyte solution in the same manner as in Example 2,
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32 said cooled battery in the process for recovering the conponents of a
seal ed type battery by decreasing the ionic conductivity between the

cat hode and anode in the sealed type battery, while referring to an
apparatus shown in FIG 5 having a system capabl e of conducting these
steps. FIG 5 is a schematic conceptional view illustrating an exanpl e of
an apparatus for cooling a sealed type battery and opening its battery
housi ng as a part of the recovering apparatus according to the present

i nvention for

the ionic conductivity before the cooling treatment was
found to seemingly have been decreased to 1/10 as a result
of the cooling treatment.

3. The battery cooled in the step 2 was taken out in
an Ar gas atmosphere, and the vises were loosen to detach
the battery capping having the safety vents, whereby the
battery housing was unsealed.

4. From the battery thus unsealed, the anode,
separator, cathode and blade spring were taken out,
followed by subjecting to washing with metanol, and the
ancde, separator, cathode, and blade spring and also the
mixed solvent composed of the electrolyte solution and the
methanoly were separately recovered. The mixed solutién
composed of the electrolyte solution and methanol was
subjected to distillation, where the electrolyte, organic
solvent and methanbl were separately recovered.

Incidentally, in each of the foregoing examples 2 to
6, the recovery operation was conducted for 10 batteries,
where neither smoke nor spark were occurred, the battery
components were not damaged due to burning or the like and
the battery components could be desirably recovered in any
case.

In each of the foregoing examples 2 to 6, description
has been made of the recovery of the enclosed type lithium

battery. But the recovering manner of any of these examples
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recovering the conponents of a sealed type battery. In the apparatus shown
in FIG 5, there is shown a case wherein a cooling apparatus capabl e of
cooling a sealed type battery by using a conpressed gas of an inconbustible
gas is used, and the sane inconbustible gas is used as an atnosphere under
whi ch to unseal the battery housing is conducted. The apparatus shown in
FIG 5 is provided with a neans for recovering the gas having used for
cooling the enclosed type battery, purifying the recovered gas and
recycling the purified gas. In the apparatus showmn in FIG 5, in order to

open the Bal GRY DS NG v Nt HRIFHLS NALRIN N r I gAMLy geed.
| these examples is effective in recovering other enclosed
type batteries as nickel-metal hydride battery, nickel-
cadmium battery, lead battery and the like.
As above described, according to the present
invention, for any spent, enclosed type batteries, its
constituent components can be more safely recovered while
desirably preventing them from being damaged and at a high
recovery. And the recovering apparatus (system) enables to
relatively easily recover the components of an enclosed

type battery at a reasonable cost.
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The apparatus shown in FIG 5 and its operation will be detailed. In FIG
5, reference nuneral 200 indicates an enclosed type battery, reference
nuneral 201 a cooling 33 apparatus (a | ow tenperature gas- blomﬁng
apparatus), reference nuneral 202 a | ow tenperature gﬁgﬁ%ﬁéﬁ

203 an inconbusti bl e at nosphere, reference nuneral 204 iT ﬂ
apparatus for a battery housing, reference

WHAT IS CLAIMED IS:

1. A recovering process for recovering the
constituent components of a sealed type batter comprising
at least an a cathode, an anode and an electrolyte sealed
in a battery housing, characterized in that said process
includes a step (a) of decreasing the ionic conductivity
between said cathode and anode of said sealed type battery
and a step (b) of opening said battery housing of the
sealed type battery after conducting said step (a).

2. A recovering process according to claim 1, wherein
the sealed type battery has an electrolyte solution as the
electrolyte between the anode and cathode, and the step (a)
is conducted by extracting the electrolyte solution or the
solvent of the electrolyte solution ocutside the battery
housing.

3. A recovering process according to claim 2, wherein
the sealed type battery has a safety vent, and a
differential pressure is caused between the inside and
outside of the battery housing to actuate said safety vent,
whereby extracting the electrolyte solution or the solvent
of the electrolyte solution through said safety vent
outside the battery housing.

4. A recovering process according to claim 3, wherein
a portion of the sealed type battery where the safety vent

is provided is positioned to face in a downward direction
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numeral 205 a high pressure water or energy beam reference nuneral 206 a

partition wall, reference nuneral 207 a fixing table for an encl osed type
battery, reference nuneral 208 a transpﬁﬁfﬁgﬁgg @an1for an encl osed
type battery, reference nuneral 209 a ga a conpressed gas,
ref erence nuneral 210 a conpressor, refe 11 a renovi ng device
for renmoving inpurities such as water, 212 an

i nconbusti bl e gas-recoveri ng devi ce, reference nuneral 213 a gas pipe for
recovering an inconbustible gas, reference nuneral 214 a generation device

f2 2r5 gener agh8gtBehbgBcRrosgueesWalielofll o@Nehay sBeaBhtand kakerence numeral
: electrolyte solution is extracted through the safety vent
outside the battery housing.

5. A recovering process according to claim 2, wherein
the electrolyte solution or the solvent of the electrolyte
solution extracted outside the battery housing is
recovered.

6. A recovering process according to claim 1, wherein
the step (a) is conducted by at least cooling the sealed
type battery.

7. A recovering process according to claim 6, wherein
the sealed type battery has an electrolyte éolution as the
electrolyte between the anode and cathode, and the sealed
type battery is cooled to a temperature lower than the
freezing point of the solvent of the electrolyte solution.

8. A recovering process according to claim 6, wherein
a polymer solid electrolyte solidified using a polymer is
used in the sealed type battery, and the sealed type
battery is cooled to a temperature lower than the glass
transition temperature of the polymer of the polymer solid
electrolyte.

9. A recovering process according to claim 6, wherein
the sealed type battery is coocled by using a compressed
incombustible gas comprising one or more kinds of gas

selected from the group consisting of nitrogen gas, argon

78 - U ) R R
* C L M S *



transfer pi pe for a high pressure water or a transm ssion pipe for an
energy beam In the apparatus shown in FIG 5, a used, sealed type battery
200 is fixed onto the fixing f.a | e 20 19 %Fd on transportation nmechani sm

- n
208 provided in the chamber d4NaIE partition wall 206, followed
by sequentially transpoLting t H l step zone having the cooling
apparatus 201 then to the uns

e having the unsealing
apparatus 204. The chanber space

gas, helium gas, carbon dioxide gas and fluorocarbon gas.

10. A recovering process according to claim 6,
wherein the sealed type battery is cooled by immersing the
sealed type battery in a cooling agent or liquefied gas.

1l. A recovering process according to claim 10,
wherein the cooling agent is a mixture of a dryice and
methanol or a mixture of a dryice and ethanol.

12. A recovering process according to claim 10,
wherein the liquefied gas is liquid nitrogen.

13. A recovering process according to claim 6,
wherein the sealed type battery is immersed in water, the
sealed type battery is frozen together with said water to
seal the sealed type battery in an ice produced, and the
sealed type battery is opened in a state in that the sealed
type battery is sealed in the ice.

14. A recovering process according to claim 1,
wherein the step (b) is conducted in an incombustible
atmosphere.

15. A recovering process according to claim 14,
wherein the incombustible atmosphere is composed of one or
more kinds of gas selected from the group consisting of
nitrogen gas, argon gas, helium gas, carbon dioxide gas,
steam and fluorocarbon gas.

16. A recovering process according to claim 9,

wherein the step (b) is conducted in an incombustible
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34 denarcated by the partition wall 206 including the zone of the cooling
apparatus 201 and the zone of the unsealing apparatus is filled with an

i ncombusti bl e gas (t he&isiShesbiids Bsdni Rapieccat Nnosphere 203). At the cooling
apparatus 201, a low't 202 conprising a cool ed i nconmbusti bl e
gas is supplied to the I battery 200 to cool the electrolyte
contained in the encl osed battery ereby decrease its ionic conductivity.
As the | ow tenperature gas 202 used herein, it is desired that the

i nconbustible gas inside the partition wall 206 is recycled to use.

Parti cul aplihospheleS composed of the same gas as that used in cooling
the sealed type battery. |

17. A recovering process according to claim 1,
wherein the step (b) is conducted by means of a cutting
manner selected from the group consisting of high pressure
water cutting, energy beam cutting and mechanical cutting.

18. A recovering process according to claim 17,
wherein the high pressure water cutting is a cutting manner
of spraying a high pressure water containing an abrasive.
through a jet nozzle.

19. A recovering process according to claim 17,
wherein the energy beam used in the energy beam cutting is
laser beam.

20. A recovering process according to claim 1,
wherein the sealed type battery is a lithium battery in
which oxidation~-reduction reaction of lifhium ion is used.

21. A recovering process according to claim 1,
wherein the sealed type battery is a nickel-metal hydride
battery in which oxidation-reduction reaction of hydrogen
ion is used and a hydrogen storage alloy is used as an
ancde material.

22. A recovering process according to claim 1,
wherein the sealed type battery is a nickel-cadmium
battery.

23. A recovering process according to claim 1,
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respect, said incombustible gas is recovered by the inconmbustible

gas-recovering device 212 through the gas conduit 213 connected to the
chanber denarcated by the partition wall

Il mpurities-renoving device 211, conpressed by the conpresso [
to the cooling apparatus 201, followed by supplying to the
. I'n The

battery 200 as the | ow tenperature gas 202 (the conpressed gas
above cooling step for cooling the enclosed type battery, it is possible to

cool

the sealed type battery, for exanple, by using a cooling agent or

| i quefi edyfiaseifl LoeNakaYRY tyibe ER@taike i13eal adddhe kRt py be

24. A recovering process according to claim 20 which
further includes a step of reacting a reacting agent with
an active lithium contained in the lithium battery to
decrease the reactivity of said active lithium after the
step (b).

25. A recovering process according to claim 24,
wherein the reacting agent comprises one or more materials
selected from the group consisting of water, alcohols,
acids, and carbon dioxide.

26. A recovering process according to claim 20 which
further includes a step of conducting washing the opened
lithium battery with the use of an organic solvent which is
conducted after the step (b).

27. A recovering process according to claim 26,
wherein the organic solvent is an organic solvent incapable
producing an azeotrope with water.

28. A recovering process according to claim 26 which
further includes a step of dissociating the sealed type
battery into individual battery components and recovering
the constituent components of the sealed type battery which
is conducted after the waShing step with the use of the
organic solvent.

29. A recovering process according to claim 1,

wherein the sealed type battery is sorted depending on the

NIRRT | ——
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conducted by a manner wherein the sealed type battery is imersed in water,
foll owed by freezing the water together 35 with the battery such that

the battery is sealed in the ice. Then, atThisfeee niRaplacgppar at us 204, for
exanpl e, a high pressure water or energy beg l@iq cted to the seal ed
type battery 200 having been cooled in the f step to open the
battery housing. The high pressure

shape or the type prior to the step (a).

30. A recovering process according to claim 1 which
further includes a step of discharging the electric
residual capacity of the sealed type battery prior to
conducting the step (a).

31. A recovering process according to claim 30,
wherein in the step of discharging the residual electric
capacity, an energy discharged is recovered.

32. A recovering apparatus for recovering the
constituent components of a sealed type batter comprising
at least an a cathode, an anode and an electrolyte housed
in a battery housing, said apparatus comprising at least a
means (i) for decreasing the ionic conductivity between
said cathode and anode of said sealed type battery and a
means (ii) for opening said battery housing.

33. A recovering apparatus according to claim 32,
wherein the sealed type batter comprises an electrolyte
solution as the electrolyte between the anode and cathode,
and the means (i) comprises a liquid extraction means (i-a)
for extracting the electrolyte solution or the solvent of
the electrolyte soclution outside the battery housing.

34. A recovering apparatus according to claim 33,
wherein the sealed type battery has a capping provided with
a safety vent, and the liquid extraction means (i-a)

includes a means (i-b) for causing a differential pressure
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wat er or energy beam used herein is produced by the generation device 214,
fol l owed by supplying to the unseallng apparatus 204 through the transfer

pi pe or transni ssion p|p
of detailed conditions |n
battery, said cooling ste

il

apparatus shown in FIG 5. Cbollng Tenperature Description wll

ep for cooling an encl osed type
fore90|ng cooling step using the

’gi | owi ng, description will be made

be made of

the cooling tenperature to which an encl osed type battery is cooled in

order to decrease the ionic conductivity of the electrolyte.
between the inside and outside of the battery housing

through said safety vent to actuate said safety vent

whereby extracting the electrolyte solution or the solvent

of the electrolyte solution outside the battery housing.

35. A recovering apparatus according to claim 34,

wherein the means (i-b) comprises at least a vessel (i-c)

capable of being vacuumed and which is provided with an

exhausting means.

36. A recovering apparatus according to claim 35,

wherein the vessel (i-c) has a member capable of tightly

contacting or joining with an exterior wall face portion of

the battery housing of the sealed type battery, said

exterior wall face portion comprising a portion of the

capping, said portion including the neighborhood of the

safety bent, and said member having an opening through

which said exterior wall face portion is communicated with

the vessel (i-c) so that the electrolyte solution or the

solvent thereof in the sealed type battery is capable of

being extracted through said member into the vessel (i-c).

37. A recovering apparatus according to claim 35,
wherein a passage capable of introducing air, nitrogen

or inert gas is provided at the vessel (i-c¢) through a

valve.

38. A recovering apparatus according to claim 34,

wherein a closed space comprising a part or the entire

A, N -8 -
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For rnstance; when the seal ed type battery is a sealed type lithiumbattery
I n which an electrolyte solution conprising an electrolyte and an organic
solvent is used as tte sabenlsmlygse, 1.0 order to decrease the ionic

conductivity of the e ace"dlithiumbattery is desired to be
cooled to a tenperatu QL wer than the freesing tenperature of the
organi ¢ sol vent of the ol yte sol ution

an exterior wall face of the battery housing including the
neighborhood of the safety vent and the vessel (i-c) is
formed such that the safety vent is situated within said
closed space and that the internal pressure of said closed
space is capable of being decreased to be lower than that
of the sealed type battery, wherein the electrolyte
solution or the solvent thereof in the sealed type battery
is capable of being extracted into said closed space.

39. A recovering apparatus according to claim 38,
wherein the closed space is established after the internal
pressure of the vessel (i-¢) is decreased to be lower than
the atmospheric pressure by means of an exhausting means.

40. A recovering apparatus according to claim 38,
wherein after the closed space is formed, the internal
pressure of the closed space is decreased to be lower than
that of the sealed type battery by means of an exhausting
means connected to the vessel (i-c).

41. A recovering apparatus according to claim 32,
wherein the means (i) comprises at least a means (i-4d) for
cooling the sealed type battery.

42. A recovering apparatus according to claim 41,
wherein the cooling means (i-d) is for freazing the sealed
type battery to a temperature lower than the freezing point
of the solvent of the electrolyte solution.

43. A recovering apparatus according to claim 41,
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When the electrolyte of the tithiumbattery conprises a polynmer solid
electrolyte solidified by using a polyner, in order to decrease thgifl on
Iy,

conductivity of the electrolyte, the lithiumbattery i sTh#ess
cooled to a tenperature which is |Iower than the glass tr i

tenperature of the polyner of the polyner solid el ectrol

the range of the cooling tenperature is preferably O [err]C or |less, nore
preferably -20 [err]C or less. In the case where the seal ed type battery S
ot her sealed type battery such as sealed type netal hydride battery, sealed

type ni ckghetadd BMpbabiiy solgdl edeb¥R®lyte solidified by a polymer
is used as the electrolyte in the sealed type battery, and
the cooling means (i-d) for cooling the sealed type battery
to a temperature lower than the glass transition
temperature of the polymer of the polymer solid
electrolyte.

44. A recovering apparatus according to claim 41,
wherein a compressed incombustible gas comprising one or
more kinds of gas selected from the group consisting of
nitrogen gas, argon gas, helium gas, carbon dioxide gas and
fluorocarbon gas is used in the cooling means (i-d).

45. A recovering apparatus according to claim 41, a
cooling agent or liquéfied gas is used in the cooling means
(i-d).

46. A recovering apparatus according to claim 45,
wherein the coocling agent is a mixture of a dryice and
methanol or a mixture of a dryice and ethanol.

47. A recovering apparatus according to claim 45,
wherein the liquefied gas is ligquid nitrogen.

48. A recovering apparatus according to claim 41,
wherein the cooling means (i-d) is for immersing the sealed
type battery in water and freezing the enclosed type
battery together with said water to seal the sealed type
battery in an ice produced, and the opening means (ii) is

for opening the sealed type battery sealed in the ice.
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| ead-acid battery, or the like, the cooling tenperature for these batteries
is desired to be in the above described tenperature range. Cooling Means
Description will be nade of the cooli 'ih?ﬂ dhsBécoRegd@al i Ng a seal ed t

ype
batter in order to decrease the ionic f the electrolyte. To
cool a sealed type battery in order t I onic conductivity of
a

the electrolyte may be conducted by a coo |ng manner with the use of
conpressed gas conprising an inconmbustible gas (by using an appropriate
cool i ng apparatus such as the cooling apparatus 201 shown

49. A recovering apparatus according to claim 32,
wherein the opening means (ii) includes a means capable of
making the atmosphere in which to open the sealed battery
is conducted by means of the opening means (ii) to be an
incombustible atmosphere.

50. A recovering apparatus according to claim 49,
wherein the incombustible atmosphere is composed of one or
more kinds of gas selected from the group consisting of
nitrogen gas, argon gas, helium gas, carbon dioxide gas,
steam and fluorocarbon gas.

51. A recovering apparatus according to claim 50,
wherein the sealed type battery is opened by means of the
opening means (ii) in an incombustible atmosphere composed
of the same gas as that used in cooling the sealed type
battery by means of the cooling means (i-d).

52. A recovering apparatus according to claim 32,
wherein the opening means (ii) comprises a cutting means
selected from the group consisting of high pressure water
cutting, energy beam cutting and mechanical cutting.

53. A recovering apparatus according to claim 52,
wherein the high pressure water cutting means comprises a
jet nozzle and is a cutting means for spraying a high
pressure water containing an abrasive through the jet
nozzle.

54. A recovering apparatus according to claim 52,
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37 in FIG 5), or other cooling manner with the use of a liquefied gas or a
cooling agent. The cooling manner with the use of a conpressed gas

conprising an i nconbustlhiyBeeetise BemRedlaret onduct ed al so by using a cooling
apparatus as shown in Fl : E i ng apparatus shown in FIG 6 is a
tube-1i ke shaped cooling rising a conpressed gas supply port

705 through which a conpressed gas 704 is supplied, a hot gas

wherein the energy beam used in the energy beam cutting is
laser beam.

55. A recovering apparatus according to claim 32,
wherein the sealed type battery is a lithium battery in
which oxidation-reduction reaction of lithium ion is used.

56. A recovering apparatus according to claim 32,
wherein the sealed type battery is a nickel-metal hydride
battery in which oxidation-reduction reaction of hydrogen
ion is used and a hydrogen alloy is used as anode material.

37. A recovering apparatus according to claim 32,
wherein the sealed type battery is a nickel-cadmium
battery.

58. A recovering apparatus according to claim 32,
wherein the sealed type battery is a lead-acid battery.

99. A recovering apparatus according to claim 55
which further includes a means for reacting a reacting
agent with an active lithium contained in the lithium
battery to decrease the reactivity of said active lithium
after the lithium battery is opened.

60. A recovering apparatus according to claim 59,
wherein the reacting agent comprises one or more materials
selected from the group consisting of water, alcohols,
acids, and carbon dioxide.

61. A recovering apparatus according to claim 32

which further comprises a means for conducting washing with
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exhaust port 708 including-a pressure regulator 706, a cooling gas outlet
702, and a vortex generator zone 703 to generate a vortex flow 709.
Ref erence nuneral 70%nid $1détciad ®en Reptiicédect i on for a cooling gas to be

spout ed, and referenc I hot gas to be exhausted. In the
cool i ng apparatus sho {Hby flow ng a conpressed gas 704 into the
I nsi de of the apparat he gas supply port 705, a cooling gas is

spouted in the direction 701 through the cooling gas outlet 702. In the
case where a gas having a tenperature of about 16 [err]C is supplied at a

gas pressyng Qke3okOah Kegehlier sbitBheuaktbhe tias sedpelly RYyd vilisedyere is
obt ai ned a cold gas having a
is opened.

62. A recovering apparatus according to claim 61,
wherein the organic solvent is an organic solvent incapable
producing an azeotrope with water.

63. A recovering apparatus according to claim 61 or
62 which further comprises a means for recovering the
constituent battery components after washing the opened
battery with the use of the organic solvent.

64. A recovering apparatus according to claim 32
which further comprising a means for sorting the sealed
type battery depending on the shape or the type prior to
cooling said sealed type battery.

65. A recovering apparatus according to claim 32
which further comprises a means for discharging the
electric residual capacity of the sealed type battery prior
to cooling said battery.

66. A recovering apparatus according to claim 65,
wherein the discharging means includes a means recovering
an energy discharged.

67. A recovering apparatus according to claim 50
thch further comprises a means for recovering the
incombustible gas of the opening atmosphere and purifying
the incombustible gas recovered to recycle.

68. A recovering apparatus according to claim 44
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tenperature of about -10 to about -50 [err]C The conpressed gas used in

t hi s apparatus may conpr|seTan$wn gas conprising one or nore
gases selected fromthe grou N2 gas, Ar gas, He gas, QO[err]
gas, and fluorocarbon gas. articularly in the case where
the cooling step and the openlng step for the sealed type battery in an

conti nuous atnosphere (which will be described |ater), even

which further comprises a means for recovering the gas used

in cooling the sealed type battery and purifying the gas

recovered to recycle.
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when internal shorts should be incidentally occurred between the node and
cat hode upon opening the battery housing by way of a cutting nmanner, the
generation of a spark can be desirably prevented. Further, in the case of
an encl osed type battery having a battery housi ng capabl e of being opened
by way of disassenbling without conducting cutting operation or the like,
the generation of a spark due to internal shorts between the anode and
cat hode can be desirably prevented at the time when the conponents
including the el ectrodes are taken out. Because of this, the recovery
operation of the battery conponent saggmrBersafely conduct ed.

A recovering process for recovering the constituent
components of a sealed type batter comprising at least an a
cathode, an anode and an electrolyte sealed in a battery
housing, characterized in that said process includes a step
(a) of decreasing the ionic conductivity between said
cathode and anode of said sealed type battery and a step
(b) of opening said battery housing of the sealed type
battery after conducting said step (a). An apparatus

suitable for practicing said recovering process.
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In the case where the cooling step is conducted using a”liquefied gas,
there can be enpl oyed a cooling nanner wherein the entire of an seal ed type
battery to be opened is directly imrersed in an appropriate |iquefied gas
such as liquid nitrogen, liquid heliumor the like or a cooling manner
wherein a gasified | ow tenperature gas of a liquefied gas is sprayed onto
the battery housing of the sealed type battery to be unsealed. In the case
where the cooling step is conducted using a cooling agent, the cooling
agent can include dryice-

F1G. T

a—1 USED SEALED TYPE BATTERIES

THE USED SEALED TYPE

BATTERIES ARE SORTED DEPENDING
ON THE SHAPE OR THE TYPE

a—23 | DECREASING THE IONIC CONDUCTIVITY
BETWEEN THE CATHODE AND ANODE

a—4 THE BATTERY HOUSING IS OPENED

A BODY COMPRISING THE BATTERY
a—5 COMPONENTS PRESENT INSIDE
THE BATTERY HOUSING IS TAKEN OUT

a—b6 | THE BODY IS WASHED

THE BODY IS DISSOCIATED INTO
a—7/ INDIVIDUAL BATTERY
COMPONENTS AND THEY ARE RECOVERED
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39 net hanol, dryice-ethanol, and ice. As previously described, it i's
possible that a sealed type battery is imersed in water, the water is
frozen together with the battery, followed by opening the battery housing
in a state in the battery is sealed in the ice. Battery Opening Description
will be made of particulars in the opening step for opening the housing of
a sealed type battery in which the ionic conductivity of the electrolyte
has been decreased by neans of the apparatus shown in FIG

b—1 USED SEALED TYPE BATTERIES
b—? THE USED SEALED TYPE
BATTERIES ARE SORTED DEPENDING
ON THE SHAPE OR THE TYPE

COOLING
b—3 THE IONIC CONDUCTIVITY

OF THE ELECTROLYTE IS DECREASED

THE BATTERY HOUSING IS OPENED
b—4 IN AN INCOMBUSTIBLE ATMOSPHERE

IN THE CASE WHERE THE SEALED
TYPE BATTERY IS BASED
ON A LITHIUM BATTERY,A REACTING
AGENT IS REACTED WITH THE ACTIVE
b—5 LITHIUM PRESENT IN THE BATTERY
TO DECREASE THE REACTIVITY
OF THE LITHIUM

A BODY COMPRISING THE BATTERY
b—6 COMPONENTS PRESENT INSIDE
THE BATTERY HOUSING IS TAKEN OUT

THE BODY IS WASHED
b—7 WITH AN ORGANIC SOLVENT

THE BODY IS DISSOCIATED INTO
b—-8 INDIVIDUAL BATTERY
COMPONENTS AND THEY ARE RECOVERED
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3 or 4 and in the opening step in the apparatus shown in FIG 5. The

at nosphere in which to open the housing of a sealed type battery is
conducted is desired to be conprised of an inconbustible gas conprising one
or nore gases selected fromthe group consisting of N2 gas, Ar gas, He gas,
CJerr] gas, steam and fluorocarbon gas. In this case, even when internal
shorts should be incidentally occurred between the anode and cat hode upon
opening the battery housing, the generation of a spark is desirably
prevented and in addition, the battery conponents are desirably prevented
from bei ng damaged due to oxidati on.
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In the case where the cooling step is conducted by spraying a | ow
tenperature gas to the sealed type battery as previously described, by
using a gas of the sanme kind as 40 the | ow tenperature gas as the
constituent of the atnosphere in which the unsealing step is conduct ed,
there are provided advantages such that the operation including recovery
and recycling of the gas can be readily conducted and the running cost is
reasonabl e.
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Speci fic exanpl es of the above fluorocarbon gas are tetrafl uoronet hane,

hexaf | uor oet hane, perfl uoropropane, trifluoronethane,
nmonobronot ri f | uor onet hane, di chl orodi fl uor onet hane, and

chl orotri fl uor onet hane.

Battery Unseal ing Means As previously described,
open the battery housing of a sealed type batter
appropriate unseal i ng manner

may conducted an
by way of cutting with the use of a high

to

pressure water or an energy beam (for instance, the unsealing nmanner using

t he unseal ing apparatus 204 shown in FIG 5) or a nechanically cutting
manner .

The cutting with the use of a high pressure water may
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be conducted, for exanple, by~ a manner of spraying an extra-high pressure
wat er of preferably 1000 Kg/cnierr] or nore or nore preferably, 3000
Kg/cnferr] or nore onto the battery housing of an enclosed type battery in
a jet-like state through a nozzle. In this case, the extra-high pressure
water to be sprayed may contain an appropriate abrasive dependi ng upon the
kind of the constituent of the battery housing. 41
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The above energy “beam can include | aser beam electron beamand the |iKke.
The above nechanically cutting manner nmay be conducted by using a cutting
apparatus of cutting an object by rotating a disc-1ike shaped bl ade (having
a hard and sharp edge) at a high speed or by way of shearing. Incidentally,
in the case where the sealed type battery is cool ed such that the battery
is sealed in the ice as previously described, to open the housing of the
battery is desired to be conducted while maintaining said sealed state. For
the seal ed type battery in which the ionic
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conductivity of the electrolyte has been decreased and whose housi ng has
been opened as previously described, the inside of the resultant battery is
subj ected washing or the like, followed by subjecting to classification and
separation, and at a final stage, the constituent conponents thereof are
recovered. Decrease of Reactivity of Active Lithiumand Recovery of Lithium
Elenent In the case where the sealed type battery to be subjected to
recover is a sealed type lithiumbattery, after the battery housing has
been opened, by decreasing the reactivity of an active lithiumcontained in
t he
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lithiumbattery, the successive step for recovering the 42 battery
conponents can be safely conducted. To decrease the reactivity of the
active lithium having a high reactivity may be conducted by a manner of
reacting an appropriate reacting agent with the active lithium Fromthe
reaction product conprising the reacting agent and lithiumobtained in this
case, the recovery of lithiumelenent can be easily conduct ed.
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Specific exanples of the reacting agent are water, alcohols, acids, carbon
di oxi de, and m xtures of two or nore of these. Recovery of Electrolyte
Solution In the case where the electrolyte solution of a sealed type
battery is extracted by increasing the internal pressure of the enclosed
type battery, for instance, in the manner previously described with
reference to FIGs. 3 and 4, followed by opening the battery housing, the
recovery of the electrolyte solution can be easily conducted. Now, to
recover the electrolyte solution in the case where a sealed type battery is
cool ed and the battery
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g--S--opened my be conducted, for exanple, in the faa"'}%&ﬁn&rmnner.
CAOUNT SHEBTRed §gpe MHattery in which an aqueous ef ol yte

T OIPUOB : pagedl Olaid pagddh®h bt tery housing is opened, thé resultant

2B bat paged T3 15 2d{to washing with deionized water, the

r &5 Draveing(s) : pdgdupshe Utipn is filtrated, followed by vaporizi ng water,
Abstyact he:pﬁgz@t}’k@{oyg ggdl bp recovered.

DATE OF RECEIPT..06/06(13

TITLE OF THE INVENTION

PROCESS AND APPARATUS FOR RECOVERING COMPONENTS QF

SEALED TYPE BATTERY

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a process and
apparatus for recovering the constituent components of a
gealed type battery. More particularly, the present
invention relates to a process and apparatus for safely and
efficiently opening a sealed type battery to recover the
constituent components thereof.

Related Background Art

In recent years, global warming from the so-called
greenhouse effect has been predicted due to increased level
of atmospheric coz. To prevent this warming phenomenon from
furthe; developing, there is a tendency to prohibit the
cénstruction of new steam-power generation plants which
exhaust a large quantity of COZ‘

Under these circumstances, proposals have been made
to institute load leveling in order to effectively utilize
power. Load leveling involves the installation of
rechargeable batteries at general locations to serve a

storage for surplus power unused in the night, known as
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In the case of a sealed type battery in which an electrolyte solution
conprising an electrolyte dissolved in an organic solvent is used, after
the battery housing is unseal ed, the resultant unseal ed battery is
subj ected to washing with an appropriate organic solvent, followed by
subjecting to fractional distillation, whereby the electrolyte solution can
be recovered. As the organic solvent if this case, when an organic sol vent
i ncapabl e of form ng an azeotrope with—water is used, there are provided
advant ages such that a cutting manner using a high pressure water can be
enployed in cutting the battery housing, and as the reacting agent in order
t o decr ehwgep tpeweesactThei pypwer thus stored is available in the day

time when the power demand is increased, leveling the load

requirements in terms of power generation.

Separately, there is an increased societal demand for

developing a high performance rechargeable battery with a

high energy density for an electric vehicle which would not

exhaust air polluting substances. There is further

increased societal demand for developing a miniature,

lightweight, high performance rechargeable battery usable

as a power source for potable instruments such as small

personal computers, word processors, video cameras, and

pocket telephones.

For the batteries including rechargeable batteries

for such uses as above mentioned, there have been developed

various storage batteries including rechargeable batteries

having an enclosed (or sealed) configuration. Specific

examples of such storage battery are lead-acid battery,

nickel-cadmium battery, nickel-metal hydide battery having

a high energy density, nickel-zinc battery, rechargeable

lithium battery and like others. In order for these storage

batteries to have a long battery lifetime or/and to be

ensured in terms of safety, there is usually enploved a

sealing manner with the use of a battery housing. In

addition, in order to ensure further safety, these

batteries are mostly provided with a safety vent. This
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of the active lithium readily obtainable water with a reasonabl e
production cost can be used. Description will be nade of the above organic
sol vent incapable of form ng an azeotrope with water. As above descri bed,

in the case of an enclosed type lithium by using an organic sol vent

i ncapabl e of form ng an azeotrope wth water in washing an unseal ed |ithium
battery obtained as a result of having unseal ed the sealed type |ithium
battery, even when inexpensive deionized3water is used as the reacting
agent to decrease the reactivity of the active lithiumcontained in the

lithiumbattery, the
safety vent serves to ensure the safety when the inside
pressure of the battery housing is incidentally increased,
by communicating the inside of the battery housing to the
atmosphere outside the battery housing to thereby reduce
the increased inside pressure of the battery housing.

Now, the nickel-metal hydide battery is a
rechargeable battery in which electrochemical oxidation-
reduction reaction of hydrogen ion is used. The nickel-
metal hydride battery typically comprises an anode
comprising an ancde active material layer comprised of a
hydrogen storage (absorbing) alloy, a cathode comprising a
cathode active material layer comprised of nickel hydroxide
(specifically, nickelous hydroxide), and an electrolyte
solution. In this battery, when charging is operated, the
hydrogen ion of the electrolyte solution at the side of the
anode is reduced into hydrogen, followed by entering into
the anode active material layer of the anode where the
hydrog?h is retained therein, and when discharging is
opérated, the hydrogen retained in the anode active
material layer is oxidized into hydrogen ion, followed by
incorporating into the electrolyte solution. For the
cathode active material layer of the cathode, the
constituent nickel oxyhydroxide is oxidized into a nickel
oxide when charging is operated, and when discharging is

operated, the nickel oxyvhydroxide is reduced into the



44 washi ng organi c solvent can be readily separated fromthe water by way
of fractional distillation. Specific exanples of the foregoing organic

sol vent incapable of form ng an azeotrope with water are nethanol, acetone,
1, 2- propanedi ol , di nethyl sul foxide, butyrolactone, ethylene carbonate, and
propyl ene carbonate. In the follow ng, description will be nmade of an

encl osed type battery whose constituent conponents are recovered according
to the present invention, while

original nickel hydroxide. For the nickel-metal hydride
battery, in order for the hydrogen storage alloy of the
ancde to efficiently retain hydrogen upon operating the
charging and also in order to attain a high battery
capacity, the components of the battery are usually sealed
in a battery housing.

There are known various lithium batteries in which
electrochemical oxidation~reduction reaction of lithium ion
is used. In these lithium batteries, because lithium is
readily reacted with moisture in the atmosphere to cause a
decrease in the battery capacity, there are used an
electrolyte solution in which a nconaqueocus organic or
inorganic solvent which is substantially free of moisture
is used, and a battery housing capable of sufficiently
sealing their components. And the fabrication of these
batteries is conducted in an atmosphere which is
sufficiently free of moisture.

Specific aexamples of these lithium batteries, there
can be illustrated commercially available primary lithium
batteries, commercially available so-called lithium ion
batteries, and rechargeable lithium metal batteries (which
have been put into the research or which are under
development). In the primary lithium battery and
rechargeable lithium metal batteries, their anodes have an

anode active material layer comprising a lithium metal.

This is the replacement sheet

Date; - 5 JUN 1697



referring to the drawings. FIG 7 is a schematic cross-sectional view

illustrating an exanpl e of a sealed type battery whose constituent

conponents are recovered according to the recovering process or apparatus
according to the present invention. The sealed type battery shown in FIG 7
conprises an anode 301, a cathode 302 and a separator 303 including an

el ectrolyte which are encl osed by a battery housing 304. In the case where

a solid electrolyte is used as the el é&trolyte, no separator is
occasionally installed. Reference nuneral 305 indicates a negative
termnal, and

In the lithium ion battery, as the anode active

material layer, there is used a carbonous material such as
graphite capable of intercalating lithium ion into the

network planes of the carbonous material when charging is
operated, and as the cathode, there is used a transition

metal compound capable of intercalating lithium ion into

the transition metal compound when discharging is operated.

Incidentally, the foregoing storage batteries
including rechargeable batteries enclosed by such battery
housing as above described have been currently using in
various potable instruments. For these sealed type
batteries, to recover them and to recycle their components
will be essential not only in terms of development of new

potable instruments but also in viewpoints that they are

expected to be further developed in the future so that they

can be used in electric vehicles, load conditioners, power
storage, or the like, and also in a viewpoint that the
consumﬁtion of the batteries is expected to greatly
increase in the future.

However, in order to recover the components of these
sealed type batteries, it is necessary to firstly open
thelr battery housings. In this case, problems are liable
to entail in that upon the opening, the cathode is often

contacted with the anode to cause internal shorts between

the two electrodes, where the residual electric capacity is
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reference nuneral 306 indicates a positive termnal. For the configuration
of the enclosed type battery (particularly, the sealed type rechargeable
battery) whose constituent conponents are recovered according to the 45
recovering process or apparatus according to the present invention, it may
be in the formof a flat round shape (or a coin-like shape), a cylindrical
shape, a prismatic shape, or a sheet-like shape. For the battery structure,
it _ -

suddenly consumed within a short period of time to cause

heat generation, resulting in deteriorating the battery

components such that they cannot be recycled. Because of

this, there cannot be attained a desirable recovery for the

battery components.

In this respect, for the sealed type batteries, there

is an increased demand for developing a recovering process

including a opening process which enables to efficiently

recover their components without being damaged or

deteriorated even in the case where their cathode and anode

are contacted with each other upon the opening.

SUMMARY OF THE INVENTION

The present invention has been accomplished in view
of the foregoing situation in the prior art.

An object of the present invention is to provide a
recovering process which enables to safely and efficiently
recover the components of a sealed type battery without the
componénts being damaged or deteriorated.

| Another object of the present invention is to provide
a recovering apparatus which enables to safely and
efficiently recover the components of a sealed type battery
without the components being damaged or deteriorated.

A first aspect of the present invention lies in a
recovering process for recovering the components of a

sealed type battery sealed, comprising at least a step of
VRS e e et TR ALEES
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includes a single-layered type, a.mlti-layered type and a spiral -wound
type. In the case of a spiral-wound cylindrical battery conprising a
stacked body (conprising a separator interposed between an anode and a

cat hode) wounded in multiple about a predeterm ned axis, it has advantages
in that the battery area can be increased as desired and a high electric
current can be flown upon operating charging and discharging. In the case
of a battery in either a prismatic formor sheet-like form it has an
advantage in that the space of an instrunent for housing the battery can be
effectively utilized. In the follow ng, description will be nade of the

decreasing the ionic conductivity between the cathode and
anode and a step of opening the battery housing.

A second aspect of the present invention lies in a
recovering apparatus for recovering the components of a
sealed type battery, comprising at least a means for
decreasing the ionic conductivity between the cathode and
anode and a means for opening the battery housing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic flow diagram illustrating an
example of the recovering process for recovering the
components of an sealed type battery according to the
present invention.

FIG. 2 is a schematic flow diagram illustrating
another example of the recovering process for recovering
the components of a sealed type battery according to the
present invention.

FIG. 3 is a schematic diagram illustrating the
constiffution of an example of an apparatus suitable for
extracting an electrolyte solution or a solvent thereof
present in a sealed type battery to decrease the ionic
conductivity between the cathode and anode in the sealed
type battery prior to opening the sealed type battery,
which is used as a part of the recovering apparatus
according to the present invention.

FIG. 4 is a schematic diagram illustrating the
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shape and structure of such a battery with reference to FIGs. 8;, 9 and 10.
FIG 8 is a schematic cross-sectional viewillustrating an exanple of a
single-layer structure type flat battery. FIG 9 is a schenmatic
cross-sectional view illustrating an exanple of a spiral-wund cylindrical
battery. FIG 10 is a schematic perspective view illustrating an exanple of
a prismatic battery. These batteries bmsically have a constitution simlar
to that —

constitution of another example of an apparatus for

extracting an electrolyte solution or a solvent thereof

present in a sealed type battery to decrease the ionic

conductivity between the cathode and ancde in the sealed

type battery prior to opening the enclosed battery, which

is used as a part of the recovering apparatus according to

the present invention.

FIG. 5 is a schematic conceptual view illustrating an
apparatus portion as a principal portion of the recovering
apparatus according to the present invention, comprising a
cooling means and an unsealing (opening) means.

FIG. 6 is a schematic diagram of an example of a
cooling means used in the recovering apparatus according to
the present invention.

FIG. 7 is a schematic cross-sectional view
illustrating an example of a sealed type battery whose
components are recovered in the present invention.

FIG. 8 is a schematic cross-sectional view
illustrating an example of a coin-like shaped battery.

FIG. 9 is a schematic cross-sectional view
illustrating an example of a spiral-wound cylindrical
battery.

FIG. 10 is a schematic perspective view illustrating

an example of a prismatic battery.
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46 shown in FIG 6 and they conprise a .anode, a cathode, a separator

I ncluding an electrolyte, a battery housing and a pair of termnals. In
FIGs. 8 and 9, reference nunerals 401 (in FIG 8) indicates an anode
conprising an anode active nmaterial |ayer, reference nunmeral 501 (in FIG

9) an anode active material l|layer, reference 502 (in FIG 9) an anode, each
of reference nunerals 403 (in FIG 8) and 508 (in FIG 9) a cathode
conprising a cathode active material |ayerg reference nuneral 503 (in FIG
9) a cathode active material |ayer, each of reference nunerals 405 and 505
an anode cap

DESCRIPTION OF THE INVENTION AND PREFERRED

EMBODIMENTS

As previously described, the present invention
includes a recovering process for recovering the components
of a sealed type battery sealed, comprising at least a step
of decreasing the ionic conductivity between the cathode
and ancde and a step of opening the battery housing; and a
recovering apparatus for recovering the components of a
sealed type battery, comprising at least a means for
decreasing the ionic conductivity between the cathode and
anode and a means for opening the battery housing.

A principal feature of the recovering process is that
prior to opening the sealed type battery, to decrease the
ionic conductivity between the cathode and anode is
conducted. Similarly, a principal feature of the recovering
apparatus according to the present invention is to have a
specfﬁie means for decreasing the ionic conductivity
between the cathode and anode prior to opening the enclosed
type battery.

In the present invention, by extracting the
electrolyte solution or the solvent of the electrolyte
solution outside the sealed type battery to decrease the
ionic conductivity between the cathode and anode prior to

opening the battery housing of the sealed type battery,
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(or an anode termnal), each of reference nunerals 406 and 506 a cat hode
can (or a cathode termnal), each of reference nunerals 407 and 507 a
separator with an electrolyte (or an electrolyte solution) retained
therein, and each of reference nunerals 410 and 510 a gasket (or an
I nsul ating packing). In FIG 9, reference nuneral 500 indicates an anode
coll ector, reference nuneral 504 indicates a cathode collector, reference
nuneral 511 an insulating plate, and reférence nuneral 514 a safety vent.
Particularly, in the single-layer structure type flat battery shown in FIG
8, a stacked body conprising the

even in the case where internal shorts should be occurred

between the cathode and anode when the battery housing is
opened or the battery components are taken out from the
inside of the battery housing as will be described later,
the occurrence of sudden energy release and combustion due
to the internal shorts is effectively prevented. As a
result, it is possible to safely recover the battery
components without being deteriorated or destroyed. By
this, there can be realized safe recovery of the components
of the sealed type battery at a high recovery rate.

The recovering process and apparatus according to the
present invention are effective in recovering the
components of any sealed type batteries including sealed
type primary and secondary (rechargeable) batteries,
notwithstanding the kind of a battery enclosed therein.

Specific examples of such sealed type battery for
which the recovering process and the recovering apparatus
according to the present invention are particularly
effective in recovering the battery components are lithium
batteries including lithium ion rechargeable batteries (in
which an anode comprising a carbonous material capable of
intercalating lithium ion is used) in which electrochemical
oxidation~reduction reaction of lithium ion is used;
nickel~metal hydride rechargeable batteries having an anode

comprising a hydrogen storage alloy and in which
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cat hode 403 conprising the cathode active material and the the anode 401
conprising the anode active material |ayer 47 stacked through at | east

t he separator 407 having an electrolyte solution retained therein is housed
in the cathode can 406 on the cathode side. The anode side of the stacked
body in the cathode can 406 is seal ed by the anode cap 405 as the anode
termnal and the residual inside space of the cathode can 406 is packed by

t he gasket 410
11

electrochemical oxidation-reduction reaction of hydrogen
ion is used; and nickel-cadmium batteries.

Herein, for the lithium batteries, a variety of
enclosed type primary lithium batteries having an anode
comprising a lithium metal have been frequently using in
potable instruments such as cameras, wristwatches and the
like. And the consumption of these primary lithium
batteries are expected to further increase in the future.
In addition, the consumption of rechargeable lithium
batteries is expected to increase in the future. Under this
circumstance, the waste disposal of these lithium batteries
will be possibly a serious problem in the future as well as
in the case of other batteries. In this respect, it is an
urgent necessity of recovering and recycling their
components such as anodes, cathodes, electrolvtes,
separators, and housings.

Now, in order to separately recover the components of
an useé sealed type lithium battery, the battery housing is
required to be opened while preventing external moisture
invasion, which will be a cause of damaging or
deteriorating the battery characteristics.

As a most simple manner for unsealing the battery
housing of an enclosed type battery, there is considered a
mechanically cutting manner. However, when this manner is

employed particularly in the case of an enclosed type
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(conprising an insulating material). In the spiral-wund cylindrical
battery shown in FIG 9, a stacked body wounded in multiple about a
predeterm ned axis is housed in the cathode can 506 as the cathode term nal
such that the side face and a given bottomface side of the stacked body
are covered by the cathode can 506, said stacked body conprising at |east
the separator 507 having an el ectrolyte solution retained therein

i nter posed between the cathode 508 containing the cathode active materi al

| ayer 503 fornmed on the cat hode col |l ector 504 and the anode 502 contai ni ng
the anode active material |ayer 501 forned on the anode collector 500. In

the lithium battery, problems are liable to entail in that as
the energy per unit volume and unit weight is extremely
high and a combustible material such as organic solvent is
contained, a spark is generated or internal shorts are
occurred between the anode and cathode upon mechanically
cutting the battery housing, where the components are
damaged or deteriorated. Besides, other problems are liable
to entail such that will be described in the following.
When the battery components situated inside the battery
housing are taken out after the battery housing has been
unsealed, as the ancde and cathode are closed to each
other, they tend to readily suffer from internal shorts
where the internal shorts should be occurred between them,
the residual battery energy is released at a stroke to
cause sudden heat generation.

Therefore, particularly for a sealed type lithium
battery, there is demand for developing a desirable
recovening process and a desirable recovering apparatus
capable of recovering the battery components without being
damaged or deteriorated for dealing with an increase in the
consumption thereof.

The present invention desirably meets this demand.

In the recovering process for recovering the
components of a sealed type battery which comprises an

electrolyte solution as the electrolyte, the step of
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uncovered side of the cathode can 506, the anode cap as the anode term nal
Is installed. The residual inside space of the cathode can 506 is packed by
the gasket 510 (conprising an insulating material). The stacked el ectrode
body having the cylindrical structure is electrically isolated fromthe
anode cap side through the insulating plate 511. The anode 502 is
electrically connected to the anode cap 505 by neans 48 of the anode

| ead 512. Simlarly, the cathode 508 isi13

decreasing the ionic conductivity between the cathode and
anode is desired to be conducted by a manner of extracting
the electrolyte solution or the solvent thereof present
within the battery housing outside the battery housing. In
the case where the enclosed battery provided with a safety
vent, to extract the electrolyte solution or the solvent
thereof outside the battery housing is desired to be
conducted while taking advantage of the safety vent in view
of working efficiency, for instance, in a manner wherein
through the safety vent, the pressure of the atmosphere
outside the battery housing is decreased to increase the
inside pressure of the battery housing whereby causing a
differential pressure between the outside and the inside of
the battery housing, and by this, the safety vent is
actuated to extract the electrolyte solution or the solvent
thereof outside the battery housing. The electrolyte
solution or the solvent thereof thus extracted outside the
battegf housing can be fecycled.

| In the recovering process for recovering the
components of a sealed type battery, the step of decreasing
the ionic conductivity between the cathode and anode is
desired to be conducted at least through a manner of
cooling the enclosed type battery. In the case where this
manner is employed, when a solvent is used in the

electrolyte solution of the sealed type battery, it is
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el ectrically connected to the cathode can 506 by neans of the cathode |ead
513. On the anode cap side, there is provided the safety vent 514 for
adjusting the internal pressure of the battery. This safety vent can be
utilized for extracting the electrolyte solution to the outside as
previ ously described. The prismatic battery shown in FIG 10 conprises a
plurality of unit cells integrated in rall el connection through a
collector in a battery housing 609 having a cappi ng, wherein each unit cel
conprises a separator 607 having an electrolyte solution retained therein
I nt er posed between an anode 601 conprising an anode active materi al
desired to cool the sealed type battery to a temperature

which is lower than the freezing point of the solvent. In
the case where a solid polymer electrolyte solidified by
using a polymer is used in the sealed type battery, it is
desired to cool the sealed type battery to a temperature
which is lower than the glass transition temperature of the
constituent polymer of the solid polymer electrolyte.

The above manner of cooling the sealed battery can be
conducted by a cooling manner of cooling an object using an
incombustible compressed gas comprising one or more gases
selected from the group consisting of N2 gas, Ar gas, He
gas, CO2 gas and fluorocarbon gas.

Besides this, it is possible for the above manner of
cooling the sealed type battery to be conducted by a manner
of cooling the sealed type battery by immersing it in a
cooling agent or a liquefied gas. The cooling agent can
include, for example, a mixture comprising dryice and
methan?l and a mixture comprising dryice and ethanol. The
liQuefied gas can include, for example, liquid nitrogen and
the like.

Alternatively, it is possible for the above manner of
cooling the sealed type battery to be conducted by a manner
of immersing the sealed type battery in water, followed by
freezing the enclosed type battery together with the water.

In this case, the sealed type battery is desired to be

.- s coewaLement sheet

Date: - B JUN ﬁﬁﬂ



and a cathode 603 conprising a cathode active material. The anode 601 is
electrically connected to an anode term nal 605, and the cathode 603 is
electrically connected to a cathode termi nal 606. The prismatic battery is
provided with a plurality of safety vents 614 at the capping of the battery
housi ng 609. In the follow ng, description will be nade of each battery
constituent. As the constituent of the gasket (410, 510), there can be
used, for exanple, fluororesin, polyan dggesin, polysulfone resin, or
vari ous rubbers. The battery sealing is typically conducted by way of
caul king with the use of

opened in a state in that the sealed type battery is sealed

in the ice.

In the recovering process for recovering the

components of a sealed type battery, it is desired for the

step of opening the battery housing after the ionic

conductivity between the cathode and anode has been

decreased to be conducted in an incombustible atmosphere.

In this case, there are provided advantages in that the

battery components are prevented from being oxidized or

combusted and they can be safely recovered while desirably

preventing them from being damaged or deteriorated at a

high recovery. The above incombustible atmosphere may be an

atmosphere composed of one or more gases selected from the

group consisting of N2 gas, Ar gas, He gas, CO2 gas,

fluorocarbon gas, and steam. In the case where the

foregoing cooling manner using the incombustible compressed

gas is employed in the step of decreasing the ionic

conductivity between the cathode and anode, the gas used to

constitute the atmosphere for opening the battery housing

is desired to the same as the gas used as the compressed

gas.

As the manner of opening the baﬁtery hdusing, there
can be illustrated a cutting process using a high pressure

water, a cutting process using a energy beam, a

mechanically cutting process, and a cutting process by way
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t he gasket in the case of the structure as showmn in FIG 8 or 9. Besides
this, it may be conducted by nmeans of gl ass sealing, adhesive sealing,
wel di ng or soldering. As the constituent of the insulating plate 511 shown
in FIG 9, there can be used organic resins and ceram cs. Now, for the
encl osed type battery whose constituent conponents are recovered in the
present invention, in the case of such configuration as shown in FIG 8 or
9, the electrode term nals, cathode cagsand anode can serve

of spraying a high pressure water containing an abrasive
mixed therein to an object through a jet nozzle.

In the present invention, by subjecting the battery
to discharging prior to opening the housing of the sealed
type battery, preferably at a stage before decreasing the
ionic conductivity between the cathode and ancde, to open
the sealed type battery can be more safely conducted. In
this case, the chemical composition of the constituent
material for each of the cathode and anode active material
layers becomes uniform without depending upon the residual
battery capacity before the discharging, where the cathode
material and the anode material each having a satisfactory
uniformity in terms of the chemical composition can be
recovered. Further in this case, by means of the
discharging, it is possible to withdraw the energy remained
in the enclosed battery.

Further in the present invention, by sorting the
sealed;%atteries depending on the shape or the type before
their housings are unsealed, their components can be
efficiently recovered.

As previously described, the recovering apparatus
according to the present invention for recovering the
components of a sealed type battery sealed by a battery
housing, comprises at least a means for decreasing the

ionic conductivity between the cathode and anode and a
This is the replacement sheet
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respectively as a battery housing corresponding to the battery housing of
sai d encl osed type battery in which respective battery conmponents are
housed. Particularly, in the case of the configuration shown in FIG 8, the
cat hode can 406 and the anode cap 405 serve respectively as a battery
housi ng whi ch functions also as an outputting termnal. In the case of the
configuration shown in FIG 9, the cathoge can 506 and the anode cap 505
serve respectively as a battery housing which functions also as a term nal.
The constituent of such battery housing functioning also as the term nal
may be stainless steel, titaniumclad stainless steel, copper clad

stai nl essmeke@® for opening the battery housing.

The means for decreasing the ionic conductivity
between the cathode and anode is desired to ceomprise at
least a means for extracting the electrolyte solution or
the solvent thereof present inside the battery housing
outside the battery housing. In the case where the sealed
type battery is provided with a safety vent, this means is
desired to have a function of actuating the safety vent,
for instance, by decreasing the pressure of the atmosphera
outside battery housing to increase the inside pressure of
the battery housing across the safety vent whereby causing
a differential pressure between the outside and the inside
of the battery housing and a means for extracting the
electrolyte solution or the solvent thereof present inside
the battery housing outside the battery housing through the
safety vent. The means for extracting the electrolyte
solution or the solvent thereof present inside the battery
housing outside the battery housing is desired to comprise
a Qessel provided with at least an exhaust means. It is
desired for the vessel in this case to be provided with a
member which can be close-contacted with or joined to the
battery housing's exterior wall face including a portion of
the battery capping in the neighborhocd of the safety vent
and an opening (or a passage) for transferring the

electrolyte solution or the solvent thereof (which is
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or nickel-plated steel. In the configurations shown in FIGs. 8 and 9, since
the cathode can (406, 506) and the anode cap (405, 505) function
respectively also as a battery housing, they are 50 desired to be
constituted by stainless steel. As in the case of such configuration as
shown in FIG 10, when neither the cathode can nor the anode can functions

al so as a battery housing, the consti%%ent of the

extracted from the battery) inte tﬁe vessel.

In the above described vessel, a port capable of
introducing air, nitrogen gas (N2) or inert gas thereinto
may be provided through a valve.

In the recovering apparatus according to the present
invention, for instance, by establishing a closed or sealed
space by a part of the battery housing's exterior face
including the battery capping or the entire thereof
(including the portion through which the electrolyte
solution or the solvent thereof is extracted) and the above
described vessel and decreasing the inner pressure of the
sealed space than the inner pressure of the enclosed
battery while maintaining the safety vent portion in the
sealed space, the electrolyte solution or the solvent
present inside the battery housing can be desirably
recovered intc the vessel through the safety wvent.
| In the recovering apparatus according to the present
invent%én, the above closed (sealed) space is desired to be
astablished by connecting the above vessel provided with
the exhaust means to a region including a portion (e.g.,
the safety wvent) through which the electrolyte solution or
the solvent thereof present inside the battery housing is
extracted after the inner pressure of the above vessel has
been decreased than the atmospheric pressure by means of

the exhaust means provided at the vessel.
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battery housing can include netals such as zinc, plastics such as

pol ypropyl ene, and conposites of a netal or glass fiber with plastic. For

t he encl osed type battery whose constituent conponents are recovered in the
present invention, it is desired to be provided with an appropriate safety
vent as in the case of the configuration showm in FIG 9 (wherein the
safety vent 514 is provided) or FIG 10 (wherein the safety vents 614 are
provided) in order to ensure the safetyswhen the internal pressure of the
battery is incidentally increased, by ¢o6nmunicating the inside of the
battery with the outside to thereby reduce the increased

In the recovering apparatus according to the present
invention, it is possible that the above closed space is
first established by the above and thereafter, the inner
pressure of the sealed space is lowered than the inner
pressure of the sealed battery by means of the above
exhaust means provided at the vessel.

In the recovering apparatus according to the present
invention, the foregoing means for decreasing the ionic
conductivity between the cathode and ancde is desired to
comprise a cooling means for cooling the sealed type
battery.

To cool the sealed type battery by means of the
cooling means is desired to be conducted by using an
incombustible compressed gas comprising one or more gases
selected from the group consisting of N2 gas, Ar gas, He
gas, CO2 gas and fluorocarbon gas in the cooling means.

Alternatively, to cool the enclosed battery by means
of thefcooling means may be conducted by using a cooling
agent or a liquefied gas in the cooling means. The cooling
agent can include, for example, a mixture comprising dryice
and methanol and a mixture comprising dryice and ethanol.
The liquefied gas can include, for example, liquid nitrogen
and the like.

Further, it is possible that the sealed type battery

is immersed in water, followed by freezing the sealed type
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internal pressure of the battery. The safety vent may be constituted by a
material conprising a rubber, a spring, a metal boll or a rupture foil. The
safety vent can be utilized for extracting the electrolyte sol ution present
in the battery as previously described. In the follow ng, description wll
be nmade of each of the anode, cathode, separator and electrolyte of the
encl osed type battery used in the present invention. 51

20
battery together with the water. In this case, the sealed
type battery is desired to be opened in a state in that the
enclosed battery is sealed in the ice.

In the recovering apparatus according to the present
invention, as the means for unsealing the battery housing,
there can be illustrated a cutting means using a high
pressure water, a cutting means using a energy beam, a
mechanically cutting meaﬁs, and a cutting means using a
high pressure water containing an abrasive mixed therein.

To open the battery housing by any of these cutting
means is desired to be conducted in an incombustible
atmosphere. The incombustible atmosphere may be an
atmosphere composed of one or more gases selected from the
group consisting of N2 gas, Ar gas, He gas, CO2 gas,
fluorocarbon gas, and steam.

In the following, preferred embodiments of the
present invention will be described while referring to the
drawinés.

FIG. 1 is a schematic flow diagram illustrating an
example of the recovering process for recovering the
components of a sealed type battery according to the
present invention.

Description will be made of an embodiment of the
recovering process according to the present invention with

reference to FIG. 1.
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ANODE The encl osed type battery in which an aqueous el ectrolyte solution is
used and whose constituent conponents are recovered in the present

i nvention includes | ead-acid battery, nickel-cadm um battery, nickel-netal
hydri de battery, and nickel-zinc battery. The anode in these batteries
conprises an anode active material conprising |lead, cadm um hydrogen-
absorbing alloy or zinc, and an anode coll ector. The encl osed type battery
whose constituent conponents are recover2d in the present invention also

i ncludes various lithiumbatteries. The anode in these

In order to efficiently recover the components of a
sealed type battery, used sealed type batteries (FIG. l(a-
1)) collected for recovering their components are first
sorted depending on the shape or the type (see, FIG. l(a-
2)).

Then, the sealed type battery thus sorted is
subjected to decrease the ionic conductivity between the
anode and cathode (see, FIG. 1{a-3)). In this case, to
decrease the ionic conductivity between the cathode and
anode may be conducted by the foregoing manner of
extracting the electrolyte solution or the solvent thereof
present between the cathode and anode (in the case of using
the electrolyte solution as the electrolyte in the battery)
ocutside the battery housing through the safety bent or the
like annexed to the battery housing. Alternatively, if may
be conducted by the foregoing manner of cooling the battery
to decrease the ionic conductivity between the cathode and
anodeg;

Thereafter, the battery housing is opened (see, FIG.
i(a-4)), followed by taking out a body comprising the
battery components present inside the battery housing (see,
FIG. 1(a-5)).

The body thus taken out is washed {(see, FIG. l(a-6).
Then, the body is dissociated (separated) into individual

battery components and the battery components thus
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lithiumbatteries conprises a principal constituent which retains |ithium
therein at a stage before operating discharging, and an anode col |l ector.
Speci fic exanpl es of such principal constituent are lithiumnetals,
carbonous materials in which lithiumis intercalated, transition netal
oxides, and lithiumalloys. The anode collector serves to supply an
electric current so that it can be effighently consuned for the el ectrode
reaction upon operating charging and di seharging or to collect an electric
current generated. The anode collector may be constituted by an appropriate
material which is highly electrically

dissociated are recovered (see, FIG. 1(a-7)).

FIG. 2 is a schematic flow diagram illustrating
another example of the recovering process for recovering
the components of a sealed type battery according to the
present invention.

Description will be made of another embodiment of the
recovering process according to the present invention with
reference to FIG. 2.

In order to efficiently recover the components of
each used sealed type battery, used sealed type batteries
(FIG. 2(b-~-1)) collected for recovering their components are
first sorted depending on the shape or the type (see, FIG.
2(b~2)).

Then, the sealed type battery thus sorted is cooled
to decrease the ionic conductivity between the anode and
cathode whereby increasing the internal resistance (see,
FIG. 2{(b-3)).

THereafter, the battery housing of the sealed type
battery thus cooled in the above step is opened in an
incombustible atmosphere (see, FIG. 2(b-4)).

Then, in the case where the battery in the sealed
type battery is based on a lithium battery, an appropriate
reacting agent is reacted with the active lithium present
inside the battery housing to decrease the reactivity of

the lithium (see, FIG. 2(b-5)).
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conductive and inactive to the battery reaction. 52 Specific exanpl es of
such material are netals such as Ni, Ti, Cu, A, Pt, Pd, Au, and Zn, alloys"”
of these metals such as stainless steel, and conposite nmetals of tow or

nore said nmetals. The anode collector may be shaped in a plate-like form
foil-like form mesh form porous formlike sponge, punching netal form or
expanded netal form 03

Successively, a body comprising the battery
components present inside the battery housing is taken out
(see, FIG. 2(b-6)).

In the case where the electrolyte is in the liquid
state, the body (comprising the battery components) thus
taken out is washed with an appropriate organic solvent
{see, FIG. 2(b-7)).

Then, the body thus washed is dissociated into
individual battery components and the battery components
thus dissocociated are recovered (see, FIG. 2(b-8)).

If necessary, the residual electric capacity in the
used sealed battery may be discharged after sorting the
battery, where the steps of opening the battery housing,
dissociating the battery into individual components and
recovering the components may be conducted more safely.
Specific examples of the manner for doing this, there can
be mentioned a manner wherein the anode and cathode
termin&is of the battery are electrically connected to a
capacitor to conduct discharging, and a manner wherein
charging is conducted by connecting a resistance between
the ancde and cathode terminals of the battery. In any
case, the charging is conducted until the electric capacity

of the battery decreases suddenly.
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CATHOODE The cathode in the enclosed type battery whose constituent
conponents are recovered in the present invention generally conprises a
cat hode coll ector, a cathode active naterial, an electrically conductive
auxiliary, and a binding agent. The cathode is usually formed by di sposing
a mxture of a cathode active material, an electrically conductive
auxiliary and a binding agent on a nenber capable of serving as a cat hode
collector. The electrically conductiveyauxiliary can include graphite,
carbon bl acks such as ketjen black and acetyl ene

In the following, with reference to the drawings,
description will be made of the foregoing manner of
extracting the electrolyte or the solvent thereof present
inside the battery housing as a neasure for decreasing the
ionic conductivity between the cathode and ancde in a
sealed type battery.

FIG. 3 is a schematic diagram illustrating the
constitution of an example of an apparatus suitable for
extracting an electrolyte scolution or a solvent thereof
present in a sealed type battery to decrease the ionic
conductivity between the cathode and anode in the sealed
type battery prior to opening the housing of the sealed
type battery, which is used as a part of the recovering
apparatus according to the present invention.

| FIG. 4 is a schematic diagram illustrating the
constitution of another example of an apparatus suitable
for extracting an electrolyte solution or a solvent thereof
present’ in a sealed type battery to decrease the ionic
conductivity between the cathode and anode in the sealed
type battery priocr to opening the housing of the sealed
type battery, which is used as a part of the recovering
apparatus according to the present invention.

Each of the apparatus shown in FIGs. 3 and 4 is
corresponding to an example of a system used in the

foregoing recovering apparatus, for extracting the
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bl ack, and netal fine powders of nickel or the like. As the binding agent

i n the case of using a nonaqueous series electrolyte solution, there can be
il lustrated polyol efines such as pol yet hyl ene, pol ypropyl ene, and the |ike;
and fluororesins such as polyvinylidene fluoride, tetrafl uoroethyl ene

pol ymer, and 53 the like. As the binding agent in the case of using an
aqueous

25

electrolyte solution or the solvent thereof through the
safety vent or the like to decrease the ionic conductivity
between the cathode and anode in the sealed type battery
prior to opening the housing of the sealed type battery
while recovering the electrolyte solution or the solvent
thereof.

In the case of the apparatus shown in FIG. 3, the
apparatus is contacted through its specific contact means
with a sealed type battery having a safety vent such that
the apparatus is tightly contacted with a portion of the
battery housing's exterior wall of the sealed type battery
in the neighborhood of the safety vent and the neighborhood
of the safety vent is locally depressurized to cause a
differential pressure between the ocutside and the inside of
the battery housing. By this, the safety vent is actuated
to communicate the outside and the inside of the battery
housing whereby the electrolyte or the solvent thereof
presenf inside the battery housing is extracted.

In the case of the apparatus shown in FIG. 4, the
apparatus is provided with a specific vessel capable of
being vacuumed. An enclosed type battery is placed in the
vessel, and the inside {containing the enclosed type
battery) of the vessel is depressurized to relatively
increase the internal pressure of the sealed type battery

whereby causing a differential pressure between the outside
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series electrolyte solution, there can be illustrated cellul oses, polivinyl
al cohol, and polyvinyl chloride, in addition those illustrate in the case
of using the nonaqueous series electrolyte solution. As the cathode active
material in the enclosed type battery in which an aqueous series
el ectrolyte solution is used and whose constituent conponents are recovered
In the present invention such as |ead-acid battery, nickel-cadm um battery,
ni ckel -netal hydride battery, or nickel-zd nc battery, there is used | ead
oxi de, nickel (I11) oxyhydroxide or nickel hydroxide. The encl osed type
battery whose constituent

and the inside of the battery housing. By this, the safety

vent is actuated to communicate the outside and the inside
of the battery housing whereby the electrolyte or the
solvent thereof present inside the battery housing is
extracted.

Description will be made of the apparatus shown in
FIG. 3 and its operation.

In FIG. 3, reference numeral 100 indicates an
enclosed type battery sealed in a battery housing 101.
Reference numeral 102 indicates a safety bent annexed to
the enclosed type battery.

Reference numeral 103 indicates an extraction pipe
for extracting an electrolyte solution or a solvent of said
electrolyte solution from the battery 100. The extraction
pipe 103 is provided with a switching valve 108 serving as
an extraction valve for an electrolyte or a solvent of said
electrolyte solution, and it is also provided with a gas
supplyfpipe for introducing air, nitrogen gas or inert gas
into the apparatus. The gas supply pipe is provided with a
leak valve 113.

Reference numeral 104 indicates a storage tank for
storing the electrolyte solution or the solvent thereof
extracted from the enclosed type battery 100 through the
extraction pipe 103.

Reference numeral 105 indicates a vacuuming means
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conponents are recovered in the present invention includes also various
lithiumbatteries. As the cathode active material in these [ithium
batteries, there is usually used a conmpound selected fromtransition netal

oxides, transition netal sulfides, lithiumtransition netal oxides, and
lithiumtransition nmetal sulfides. The netals of these transition netal
oxi des and transition nmetal sulfides can ijigclude netals partially having a
d-shell or f-shell. Specific exanples of such nmetal are Sc, Y, |anthanoids,

actinoids, Ti, Zr, H, V, Nb, Ta, C, M, W M), Tc, Re, Fe, Ru, GCs, Co,
Rh, Ir, N, Pd, Pt, Cu, Ag and Au. O

comprising a vacuum pump or the like which is connected to
the storage tank 104 through an exhaust pipe 107 provided
with an exhaust valve 109. Reference numeral 106 indicates
an O-ring for attaining a tight contact. Reference numeral
110 indicates a drain valve provided at the storage tank
104.

Particularly, in the apparatus shown in FIG. 3, the
extraction pipe 103 has a first opening portion provided
with the O-ring 106, a second opening portion open into the
storage tank 104, and a gas introduction opening portion
through which air, nitrogen gas or incombustible gas
supplied through the gas supply pipe provided with the leak
valve 113 can be introduced into the inside of the
apparatus. Said first opening portion is situated at an
exterior wall portion of the battery housing 101, said
exterior wall portion including the neighborhood of the
safety vent 102 of the sealed battery 100, and said
neighgorhood including a portion of a battery capping or
l1id (not shown) of the battery 100. Particularly, the first
opening portion is tightly contacted with or joined to said
exterior wall portion of the battery housing 101 through
the O-ring 106 as shown in FIG. 3. And as above described,
the second opening portion of the extraction pipe 103 is
open into the storage tank 104. By this, the battery 100 is

communicated with the inside of the storage tank 104



54 these, Ti, V, O, M, Fe, Co, N and Cu_are particularly appropriate.
The cathode collector in the encl osed type battery whose constituent
conponents are recovered in the present invention serves to supply an

el ectric current so that it can be efficiently consuned for the el ectrode
reaction upon conducting the charging and di scharging or to collect an

el ectric current generated. The cathode collector is therefore desired to
be constituted by a material which has 28

through the extraction pipe 103.

In the above system, there is established a space
comprising the above described battery housing's exterior
wall portion (including the safety vent 102 of the battery
100), the inside of the extraction pipe 103 and the inside
of the storage tank 104. Herein, the battery 100 is
arranged such that its portion having the safety vent 102
downwardly faces as shown in FIG. 3. By means of the
vacuuming means 105 connected through the exhaust pipe 107
provided with the exhaust valve 109 to the storage tank
104, the inside of the system is depressurized to make the
above space have an internal pressure which is lower than
that of the battery 100. By this, the safety vent 102 is
actuated (opened in other words), where the electrolyte
solution or the solvent thereof contained in the battery
100 is extracted into the extraction pipe 103, followed by
flowing into the storage tank 104. As a result, there is
providéd a situation in that no electrolyte solution is
present between the cathode and anode {(not shown) in the
battery 100 and the ionic conductivity between the two
electrodes is decreased.

In the above operation, if necessary, it is possible
that the leak valve 113 of the gas supply pipe is actuated
to introduce air, nitrogen gas or inert gas into the

system.
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a high electrical conductivity and is inactive to the battery reaction. The
mat eri al by which the cathode collector is constituted can include N, Ti,
Cu, Al, Pt, Pb, Au, Zn, alloys of these netals such as stainless steel, and
conposite netals of two or nore of said nmetals. The cathode coll ector may

be shaped in a plate-like form foil-like form mesh form porous formlike
sponge, punching netal form or expanded netal form Herein, the term
"active material" in the foregoi ng anode pol cat hode active material nmeans a

material which is involved in the repetit+on of electrochem cal reversible

For the electrolyte solution or the solvent thereof
extracted into the storage tank 104, a predetermined amount
thereof is periodically drained by actuating the drain
valve 110 to the outside, followed by recovering. The
electrolyte solution or the solvent thereof thus recovered
may be recycled.

In the following, description will be made of the
apparatus shown in FIG. 4 and its operation.

The apparatus shown in FIG. 4 comprises a battery
container 111 provided with a extraction pipe 103 which is
extended into a storage tank 104. The battery container 111
serves to house a sealed type battery 100 having a safety
vent 102 to be treated. The extraction pipe 103 serves to
extract an electrolyte solution or a solvent of said
electrolyte solution contained in the sealed type battery
100. The extraction pipe 103 has an opening at one end
thereof which is open into the battery container 111 and
anothet opening at the other end therecof which is open into
the storage tank 104. The extraction pipe 103 is provided
with a switching valve 108 serving as an extraction valve
for the electrolyte solution or the solvent thereof.

The storage tank 104 serves to store the electrolyte
solution or the solvent thereof which is extracted from the
battery 100 through the extraction pipe 103. The inside of

the storage tank 104 is connected to a vacuuming means 105
Theroo e roolacemenl sheet
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reaction of charging and discharging in the battery. Said active materi al
can include, in addition to said material which is involved in the above
reaction by itself, other nmaterial capable of being involved in the above
reaction. 55 SEPARATOR The separator in the enclosed type battery whose
constituent conponents are recovered in the present invention is disposed
bet ween the anode and the cant hode,

30

comprising a vacuum pump or the like through an exhaust
pipe 107 provided with an exhaust valve 1089.

The battery container is provided with a gas supply
pipe provided with a leak valve 113, which serves to
introduce air, nitrogen gas or inert gas into the battery
container 111. Reference numeral 112 indicates a capping
for thé battery container 111. The capping 112 is tightly
capped to the battery container 111 by means of an O-ring
106.

In the above system, there is established a space
comprising the capping 112, the inside of the battery
container 111, the entire of the battery housing's exterior
wall including the safety vent 102, the inside of the
extraction pipe 103 and the inside of the storage tank 104.
Herein, the battery 100 is arranged such that its portion
having the safety wvent 102 downwardly faces as shown in
FIG. 4. By means of the vacuuming means 105, the inside of
the system (from the extraction pipe 103 through the
storage tank) is depressurized to make the above space have
an internal pressure which is lower than that of the
battery 100. By this, the saféty vent 102 is actuated
{opened in other words), where the electrolyte solution or
the solvent thereof contained in the battery 100 is
extracted into the extraction pipe 103, followed by flowing

intc the storage tank 104. As a result, there is provided a



and it serves to prevent the anode and the cathode fromsuffering from

I nternal -shorts. In addition, the separator also serves to retain the

el ectrolyte solution. The separator is required to have a porous structure
capabl e of allowi ng ions involved in the charge and di scharge reaction in
the battery to pass therethrough and it is also required to be insoluble
into and stable to the electrolyte solufjon. The separator is usually
constituted by a nonwoven fabric or a rehberane having a m cropore
structure nmade of gl ass, polyolefin such as pol ypropyl ene or pol yet hyl ene,
fluororesin, or polyam de. Alternatively, the separator may

gsituation in that no electrolyte solution is present
between the cathode and anode (not shown) in the battery
100 and the ionic conductivity between the two electrodes
is decreased.

In the above operation, if necessary, it is possible
that the leak valve 113 of the gas supply pipe is actuated
to introduce air, nitrogen gas or inert gas into the
system.

For the electrolyte sclution or the solvent thereof
extracted into the storage tank 104, a predetermined amount
thereof is periodically drained by opening the drain valve
110 to the outside, fcollowed by recovering. The electrolyte
solution or the solvent thereof thus recovered may be
recycled.

For the sealed type battery from which the
electrolyte solution or the solvent thereof has been
extracted in the system shown in FIG. 3 or 4 as above
descriﬁed,‘its housing is opened by an appropriate
uﬁsealing manner in a state in that the ionic conductivity
between the cathode and anode has been decreased, and the
battery components are recovered.

In the following, description will be made of an
embodiment of the step of increasing the internal
resistance of a sealed type battery by cooling the battery

and an embodiment of the step of opening the housing of
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be constituted by a netal oxide filmor a resin filmconbined with a netal
oxi de respectively having a nunber of m cropores. ELECTROLYTE For the

el ectrolyte used in the encl osed type battery whose constituent conponents
are recovered in the present invention, there can be used an appropriate
electrolyte as it is, a solution of said electrolyte dissolved in a 56

32

said cooled battery in the process for recovering the
components of a sealed type battery by decreasing the ionic
conductivity between the cathode and anode in the sealed
type battery, while referring to an apparatus shown in FIG.
5 having a system capable of conducting these steps.

FIG. 5 is a schematic conceptional view illustrating
an example of an apparatus for cooling a sealed type
battery and copening its battery housing as a part of the
recovering apparatus according to the present invention for
recovering the components of a sealed type battery.

In the apparatus shown in FIG. 5, there is shown a
case wherein a cooling apparatus capable of cooling a
sealed type battery by using a compressed gas of an
incombustible gas is used, and the same incombustible gas
is used as an atmosphere under which to unseal the battery
housing is conducted. The apparatus shown in FIG. 5 is
provided with a means for recovering the gas having used
for cqéling the enclosed type battery, purifying the
recovered gas and recycling the purified gas. In the
apparatus shown in FIG. 5, in order to open the battery
housing, a high pressure water or energy beam is used.

The apparatus shown in FIG. 5 and its operation will
be detailed.

In FIG. 5, reference numeral 200 indicates an

enclosed type battery, reference numeral 201 a cooling
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solvent, or a material of said solution having i mobilized using a geling
agent. However, an electrolyte solution obtained by dissolving an .
appropriate electrolyte in an solvent is usually used in a way that said

el ectrolyte solution is retained on the separator. The higher the o
el ectrical conductivity of the electrolyte, the better. Particularly, it is
desired to use such an electrolyte that the electrical conductivity at 25
[err]Cis preferably 1 x 10[err]S/cmoB3nore or nore preferably, 5 x 10
3S/cmor nore. In the case of a |ead-acid battery, there is used an

apparatus (a low temperature gas-blowing apparatus),
reference numeral 202 a low temperature gas, reference
numeral 203 an incombustible atmosphere, reference numeral
204 an unsealing apparatus for a battery housing, reference
numeral 205 a high pressure water or energy beam, reference
numeral 206 a partition wall, reference numeral 207 a
fixing table for an enclosed type battery, reference
numeral 208 a transportation mechanism for an enclosed type
battery, reference numeral 209 a gas feed pipe for a
compressed gas, reference numeral 210 a compressor,
reference numeral 211 a removing device for removing
impurities such as water, reference numeral 212 an
incombustible gas-recovering device, reference numeral 213
a gas pipe for recovering an incombustible gas, reference
numeral 214 a generation device for generating a high
pressure water or energy beam, and reference numeral 215 a
transfer pipe for a high pressure water or a transmission
pipe ﬁér an energy beam.

In the apparatus shown in FIG. 5, a used, sealed type
battery 200 is fixed onto the fixing table 207 arranged on
transportation mechanism 208 provided in the chamber
demarcated by the partition wall 206, followed by
sequentially transporting to the cooling step zone having
the cooling apparatus 201 then to the unsealing step zone

having the unsealing apparatus 204. The chamber space
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aqueous solution of sulfuric acid as the electrolyte. As the electrolyte in
the case of a nickel-cadm um battery, nickel-nmetal hydride battery, or

ni ckel -zinc battery, there is used an aqueous solution of an al kali.
Particularly, there is usually used an aqueous sol ution of potassium

hydr oxi de added with lithium hydroxided. As the electrolyte in the case of
alithiumbattery, there is usually used a given electrolyte dissolved in a
gi ven solvent. The electrolyte can incffide inorganic acids such as
Herr]SqJerr], HCL and HNO err]; salts of Li (lithiumion) with Lewis acid
lon such as BF[err] , PF[err] , AdJerr], CFlerr]SOerr] , or BPh[err]

(with demarcated by the partition wall 206 including the zone of
the cooling apparatus 201 and the zone of the unsealing
apparatus is filled with an incombustible gas (the
incombustible atmosphere 203}.

At the cooling apparatus 201, a low temperature gas
202 comprising a cooled incombustible gas is supplied to
the enclosed type battery 200 to cocol the electrolyte
contained in the enclosed battery whereby decrease its
ionic conductivity. As the low temperature gas 202 used
herein, it is desired that the incombustible gas inside the
partition wall 206 is recyvcled to use. Particularly in this
raspect, said incombustible gas is recovered by the
incombustible gas-recovering device 212 through the gas
conduit 213 connected to the chamber demarcated by the
partition wall 206, purified by the impurities-removing
device 211, compressed by the compressor 210, supplied to
the cooling apparatus 201, followed by supplying to the
enclosgd type battery 200 as the low temperature gas 202
{the compressed gas).

In the above cooling step for cocling the enclosed
type battery, it is possible to cool the sealed type
battery, for example, by using a cooling agent or liquefied
gas. Alternatively, to cool the sealed type battery may be
conducted by a manner wherein the sealed type battery is

immersed in water, followed by freezing the water together
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Ph being a phenyl group); and m xtures of two or nore of 57 said salts.
Besi des these, salts of the above described Lewis acids ions with cations
such as sodiumion, potassiumion, tetraal kylammoniumion, or the like are
al so usable. In any case, it is desired that the above salts are used after
they are subjected to dehydration or deoxygenation, for exanple, by way of
heat treatnent under 35

with the battery such that the battery is sealed in the
ice.

Then, at the unsealing apparatus 204, for example, a
high pressure water or energy beam 205 is effected to the
sealed type battery 200 having been cocled in the above
cooling step to open the battery housing. The high pressure
water or energy beam used herein is produced by the
generation device 214, followed by supplying to the
unsealing apparatus 204 through the transfer pipe or
transmission pipe 215.

In the following, description will be made of
detailed conditions in the cooling step for cooling an
enclosed type battery, said cooling step including the
foregoing cooling step using the apparatus shown in FIG. 5.

Cooling Temperature

Description will be made of the cooling temperature
to which an enclosed type battery is cooled in order to
decregse the ionic conductivity of the electrolyte.

| For instance, when the sealed type battery is a
sealed type lithium battery in which an electrolyte
solution comprising an electrolyte and an organic solvent
is used as the electrolyte, in order to decrease the ionic
conductivity of the electrolyte, the lithium battery is
desired to be cooled to a temperature which is lower than

the freesing temperature of the organic solvent of the

HANETART
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reduced pressure. The solvent in which the electrolyte is dissolved can
include acetonitrile, benzonitrile, propylene carbonate, ethylene
carbonat e, dinethyl carbonate, diethyl carbonate, dinethylformam de,
tetrahydrofuran, nitrobenzene, dichloroethane, diethoxyethane,

1, 2- di met hoxyet hane, chl orobenzene, y-butyrol actone, dioxolan, sulfol an,
nitronmetane, dinmethyl sulfide, dinethyl3sulfoxide, nethyl fornmate,

3- et hyl - 2- oxdazol ydi none, 2-methyltetrahydrofuran, 3-propyl sydonone,

sul fur di oxi de, phosphpnyl chloride, thionyl chloride, sulfuly chloride,

and m xtures of two or nore of these.
electrolyte solution.

When the electrolyte of the lithium battery comprises
a polymer solid electrolyte solidified by using a polymer,
in order to decrease the ionic conductivity of the
electrolyte, the lithium battery is desired to be cooled to
a temperature which is lower than the glass transition
temperature of the polymer of the polymer solid
electrolyte.

Specifically, the range of the cooling temperature is
preferably O °C or less, more preferably -20 °C or less.

In the case where the sealed type battery is other
sealed type battery such as sealed type metal hydride
battery, sealed type nickel-cadmium battery, sealed type
lead-acid battery, or the like, the cooling temperature for
these batteries is desired to be in the above described
temperature range.

Cooling Means

Description will be made of the cooling means for
cooling a sealed type batter in order to decrease the ionic
conductivity of the electrolyte.

To cool a sealed type battery in order to decrease
the ionic conductivity of the electrolyte may be conducted
by a cooling manner with the use of a compressed gas
comprising an incombustible gas (by using an appropriate

cooling apparatus such as the cooling apparatus 201 shown



As for these solvents, it is desired for themto be subjected to
dehydration using activated alum na, nolecul ar sieve, phosphorous

pent aoxi de, or calciumchloride, prior to their use. Alternatively, it is
possible for themto be subjected to distillation in an atnosphere conposed

of inert gas in the presence of an alkali netal, wherein 58 noi sture and
foreign matters are renoved. In order to prevent | eakage of the electrolyte
37

in FIG. 5), or other cooling manner with the use of a
liquefied gas or a cooling agent.

The cooling manner with the use ¢f a compressed gas
comprising an incombustible gas may be conducted also by
using a cooling apparatus as shown in FIG. 6. The cooling
apparatus shown in FIG. 6 is a tube-like shaped cooling
apparatus comprising a compressed gas supply port 705
through which a compressed gas 704 is supplied, a hot gas
exhaust port 708 including a pressure regulator 706, a
cooling gas outlet 702, and a vortex generator zone 703 to
generate a vortex flow 709. Reference numeral 701 indicates
a direction for a cooling gas to be spouted, and reference
numeral 707 a hot gas to be exhausted.

In the cooling apparatus shown in FIG. 6, by flowing
a compressed gas 704 into the inside of the apparatus
through the gas supply port 705, a cooling gas is spouted
in the direction 701 through the cooling gas outlet 702. In
the c&ée where a gas having a temperature of about 16 °C is
supplied at a gas pressure of 3 to 7 Kg/cm2 through the gas
supply port 703, there is obtained a cold gas having a
temperature of about -10 to about -50 °C. The compressed
gas used in this apparatus may comprise an incombustible
gas comprising one or more gases selected from the group
consisting of N2 gas, Ar gas, He gas, CO2 gas, and

fluoroccarbon gas.

This is the replacement sheet

Date: - 5 JUN 1997



solution, it is desired for the electrolyte solution to be gelated using an
appropriate gelating agent. The gel ating agent usable in this case can
i ncl ude polynmers having a property such that it absorbs the solvent of the

el ectrolyte solution to swell. Specific exanples of such polyner are
pol yet hyl ene oxi de, polyvinyl al cohol, and polyacrylamde. In the
follow ng, the present invention will be,described in nore detail with
reference to exanples, which are only for-illustrative purposes but not

intended to restrict the scope of the present invention to these exanpl es.

By this, particularly in the case where the ccoling
step and the opening step for the sealed type battery in an
continuous atmosphere (which will be described later), even
when internal shorts should be incidentally occurred
between the node and cathode upon opening the battery
housing by way of a cutting manner, the generation of a
spark can be desirably prevented. Further, in the case of
an enclosed type battery having a battery housing capable
of being opened by way of disassembling without conducting
cutting operation or the like, the generation of a spark
due to internal shorts between the anode and cathode can be
desirably prevented at the time when the components
including the electrodes are taken out. Because of this,
the recovery operation of the battery components can be
safely conducted.

In the case where the cooling step is conducted using
a liquefied gas, there can be employed a cooling manner
wherei# the entire of an sealed type battery to be opened
is directly immersed in an appropriate liquefied gas such
as liquid nitrogen, liquid helium or the like or a cooling
manner wherein a gasified low temperature gas of a
ligquefied gas is sprayed onto the battery housing of the
sealed type battery to be unsealed.

In the case where the cooling step is conducted using

a cooling agent, the cooling agent can include dryice-
Trie it ine renlacement shees
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Exanple 1 In this exanple, for a prismatic nickel-nmetal hydride battery

havi ng the configuration shown in FIG 10, based on the flow di agram shown
in FIG 1 and using the apparatus shown in FIG 3 as a part of the

previ ously described recovery system the battery housing thereof was
foll owed by subjecting to washing, the resultant was di ssoci at ed

unseal ed,
into indi

vi dual battery conponents, and these battery conponents were

separately recovered. As the above batteB§, there was used a used prismatic
ni ckel -metal hydride battery which conprises a cat hode

methanol, dryice-~ethanol, and ice.

As previously described, it is possible that a sealed
type battery is immersed in water, the water is frozen
together with the battery, followed by opening the battery
housing in a state in the battery is sealed in the ice.

Battery Opening

Description will be made of particulars in the
opening step for opening the housing of a sealed type
battery in which the ionic conductivity of the electrolyte
has been decreased by means of the apparatus shown in FIG.
3 or 4 and in the opening step in the apparatus shown in
FIG. 5.

The atmosphere in which to open the housing of a
sealed type battery is conducted is desired to be comprised
of an incombustible gas comprising one or more gases
selected from the group consisting of N2 gas, Ar gas, He
gas, 002 gas, steam, and fluorocarbon gas. In this case,
even when internal shorts should be incidentally occurred
befween the anode and cathode upon opening the battery
housing, the generation of a spark is desirably prevented
and in addition, the battery components are desirably
prevented from being damaged due to oxidation.

In the case where the cooling step is conducted by
spraying a low temperature gas to the sealed type battery

as previously described, by using a gas of the same kind as

W



59 conprising a porous nickel material whose porous structure is filled by
ni ckel hydroxi de and nickel fine particles, an anode conprising a porous
ni ckel material whose porous structure is filled by a powdery hydrogen
storage alloy and a binder, an electrolyte solution conprising an aqueous

sol ution of potassium hydroxi de added with |ithium hydroxide,

and a battery

housi ng made of pol yopropylene. In the follow ng, the step of decreasing
the ionic conductivity in the battery, %%e unseal i ng step, and the

the low temperature gas as the constituent of the

atmosphere in which the unsealing step is conducted,

there

are provided advantages such that the operation including

recovery and recycling of the gas can be readily conducted

and the running cost is reasonable.

Specific examples of the above fluorcocarbon gas are

tetrafluoromethane, hexafluorocethane, perfluoropropane,

trifluoromethane, monobromotrifluoromethane,

dichlorodifluoromethane, and chlorotrifluoromethane.

Battery Unsealing Means

As previously described, to open the battery housing

of a sealed type batter may conducted an appropriate

unsealing manner by way of cutting with the use of a high

pressure water or an energy beam {(for instance, the

unsealing manner using the unsealing apparatus 204 shown in

FIG. 5) or a mechanically cutting manner.

The cutting with the use of a high pressure water may

be conducted, for example, by a manner of spraying an

extra-high pressure water of preferably 1000 Kg/cm2

or more

or more preferably, 3000 Kg/cm2 or more onto the battery

housing of an enclosed type battery in a jet-like state

through a nozzle. In this case, the extra-high pressure

water to be sprayed may contain an appropriate abrasive

depending upon the kind of the constituent of the battery

housing.
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recovering step will be sequentially explained with reference to FIGs. 1
and 3. 1. A capacitor was electrically connected to the termnal of the
prismatic nickel-nmetal hydride battery, followed by subjecting the battery
to di scharging, whereby the residual electric capacity in the battery was
transferred into the capacitor. 2. The battery thus di scharged was set to
the apparatus shown in FIG 3 such that the safety vent-bearing face

t hereof was downward faced as shown in FI& 3. 3. By actuating the vacuum

punp of the vacuum ng neans 105 and openi ng the exhaust valve 109, the
I nsi de of
The above energy beam can include laser beam,

electron beam and the like.

The above mechanically cutting manner may be
conducted by using a cutting apparatus of cutting an object
by rotating a disc-like shaped blade (having a hard and
sharp edge) at a high speed or by way of shearing.

Incidentally, in the case where the sealed type
battery is cooled such that the battery is sealed in the
ice as previously described, to open the housing of the
battery is desired to be conducted while maintaining said
sealed state.

For the sealed type battery in which the ionic
conductivity of the electrolyte has been decreased and
whose housing has been opened as previously described, the
inside of the resultant battery is subjected washing or the
like, followed by subjecting to classification and
separation, and at a final stage, the constituent
compong'nts thereof are recovered.

Decrease of Reactivity of Active Lithium and
Recovery of Lithium Element

In the case where the sealed type battery to be
subjected to recover is a sealed type lithium battery,
after the battery housing has been opened, by decreasing
the reactivity of an active lithium contained in the

lithium battery, the successive step for recovering the
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the storage tank 104 was depressurized, followed by closing the exhaust
val ve 109. Then, the switching valve 108 was opened to actuate the safety
vents of the battery. By this, the internal pressure of the battery was

i ncreased and as a 60 result, the electrolyte solution in the battery
was extracted into the extraction pipe 103, followed by flowng into the
storage tank 104. Thereafter, the |eak valve 113 was opened to introduce
nitrogen gas into the apparatus, 42

battery components can be safely conducted. To decrease the
raeactivity of the active lithium having a high reactivity
may be conducted by a manner of reacting an appropriate
reacting agent with the acfive lithium. From the reaction
product comprising the reacting agent and lithium obtained
in this case, the recovery of lithium element can be easily
conducted.

Specific examples of the reacting agent are water,
alcohols, acids, carbon dioxide, and mixtures of two or
more of these.

Recovery of Electrolyte Soclution

In the case where the electrolyte soclution of a
sealed type battery is extracted by increasing the internal
pressure of the enclosed type battery, for instance, in the
manner previously described with reference to FIGs. 3 and
4, followed by opening the battery housing, the recovery of
the electrolyte solution can be easily conducted.

@bw, to recover the electrolyte solution in the case
where a sealed type battery is cooled and the battery
housing is opened may be conducted, for example, in the
following manner.

In the case of a sealed type battery in which an
agueocus electrolyte solution is used, after the battery
housing is opened, the resultant unsealed battery is

subjected to washing with deionized water, the resultant
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whereby the inside of the storage tank 104 was returned to atnospheric
pressure. Then, the battery whose el ectrolyte solution having been ~
extracted was detached fromthe apparatus. The el ectrolyte solution of the
battery was recovered in the storage tank 104. The el ectrol yte sol ution

t hus recovered can be recycled by filtrating and refining it. 4. The
battery whose el ectrolyte sol ution haviqg been extracted obtained in the
step 3 was set to a high pressure water &dtting apparatus, wherein a high
pressure water (containing a powdery abrasive) of 3500 Kg/cnferr] was
sprayed onto the battery to cut and unseal the battery housing of

washed solution is filtrated, followed by vaporizing water,
whereby the electrolyte can be recovered.

In the case of a sealed type battery in which an
electrolyte solution comprising an electrolyte dissoclved in
an organic solvent is used, after the battery housing is
unsealed, the resultant unsealed battery is subjected to
washing with an appropriate organic solvent, followed by
subjecting to fractional distillation, whereby the
electrolyte solution can be recovered. As the organic
solvent in this case, when an organic solvent incapable of
forming an azeotrope with water is used, there are provided
advantages such that a cutting manner using a high pressure
water can be employed in cutting the battery housing, and
as the reacting agent in order to decrease the reactivity
of the active lithium, readily cobtainable water with a
reasonable production cost can be used.

Description will be made of the above organic solvent
incapagle of forming an azeotrope with water.

As above described, in the case of an enclosed type
lithium, by using an organic solvent incapable of forming
an azeotrope with water in washing an unsealed lithium
battery obtained as a result of having unsealed the sealed
type lithium battery, even when inexpensive deionized water
is used as the reacting agent to decrease the reactivity of

the active lithium contained in the lithium battery, the
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the battery. 51; Fromthe unsealed battery obtained in the step 4, the

cat hode, anode and separator were taken out, washed, and dried, then

foll owed by classification and recovery. In this case, because the

el ectrolyte solution had been extracted fromthe battery in the step 3,
even when the anode shoul d have been contacted wth the cathode upon taking
out them they could be safely recovered with no energy rel ease.

44

washing organic solvent can be readily separated from the
water by way of fractional distillation.

Specific examples of the foregoing organic solvent
incapable of forming an azeotrope with water are methanol,
acetone, 1,2-propanediol, dimethyl sulfoxide,
butyrolactone, ethylene carbonate, and propylene carbonate.

In the following, description will be made of an
enclosed type battery whose constituent components are
recovered according to the present invention, while
referring to the drawings.

FIG. 7 is a schematic cross-secticonal view
illustrating an example of a sealed type battery whose
constituent components are recovered according to the
recovering process or apparatus according to the present
invention.

The sealed type battery shown in FIG. 7 comprises an
anode 301, a cathode 302 and a separator 303 including an
electrqQiyte which are enclosed by a battery housing 304. In
thé case where a solid electrolyte is used as the
electrolyte, no separator is occasionally installed.
Reference numeral 305 indicates a negative terminal, and
reference numeral 306 indicates a positive terminal.

For the configuration of the enclosed type battery
(particularly, the sealed type rechargeable battery) whose

constituent components are recovered according to the
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61 In the above, for the used prismatic nickel-netal hydride battery before
the extraction of the electrolyte solution was conducted, the inpedance
bet ween the positive and negative term nals was neasured by neans of an
i npedance nmeter. As a result, it was found to be 2 m And for the used
prismatic battery whose el ectrolyte solution having been extracted, the
| npedance between the termnals was neasured in the sane manner. As a
result, it was found to be nore than % MQ This indicates that by the above
cooling, the internal resistance of the battery seem ngly has been
desirably increased.

recovering process or apparatus according to the present

invention, it may be in the form of a flat round shape (or

a coin-like shape), a cylindrical shape, a prismatic shape,

or a sheet-like shape. For the battery structure, it

includes a single-layered type, a multi-layered type and a

spiral-wound type. In the case of a spiral-wound

cylindrical battery comprising a stacked body (comprising a

separator interposed between an anode and a cathode)

wounded in multiple about a predetermined axis, it has

advantages in that the battery area can be increased as

desired and a high electric current can be flown upon

operating charging and discharging. In the case of a

battery in either a prismatic form or sheet-like form, it

has an advantage in that the space of an instrument for

housing the battery can be effectively utilized.

In the following, description will be made of the
shape and structure of such a battery with reference to
FiGs. §a g and 10.
FIG. 8 is a schematic cross-sectional view

illustrating an example of a single-layer structure type

flat battery. FIG. 9 is a schematic cross-sectional view

illustrating an example of a spiral-wound cylindrical

battery. FIG. 10 is a schematic perspective view

i1llustrating an example of a prismatic battery. These

batteries basically have a constitution similar to that
Toay ig 1 cntaa Tig shee
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In this exanple, description has been nmade of the recovery of the prismatic
ni ckel -netal hydride battery. But the recovering manner of this exanple is
not restrictive. The recovering manner is effective in recovering other

encl osed type batteries in which a liquid electrolyte is used and having a
safety vent such as nickel cadm umbattery, |l ead battery and |ithium
batteres including lithiumion battery.gé&xanple 2 In this exanple, for a
cylindrical lithiumbattery having the €onfiguration shown in FIG 9, based
on the flow diagram shown in FIG 2 and using the cooling and unsealing

shown in FIG. 6 and they comprise a anode, a cathode, a
separator including an electrolyte, a battery housing and a
pair of terminals.

In FIGs. 8 and 9, reference numerals 401 (in FIG. 8)
indicates an ancde comprising an anode active material
layer, reference numeral 501 (in FIG. 9) an anode active
material layer, reference 502 (in FIG. 9) an anode, each of
reference numerals 403 (in FIG. 8) and 508 (in FIG. 8) a
cathode comprising a cathode active material layer,
reference numeral 503 (in FIG. 9) a cathode active material
layer, each of reference numerals 405 and 505 an anode cap
{or an anode terminal), each of reference numerals 406 and
506 a cathode can (or a cathode terminal), each of
raference numerals 407 and 507 a separator with an
electrolyte (or an electrolyte solution) retained therein,
and each of reference numerals 410 and 510 a gasket (or an
insulating packing).

I?FFIG. 9, reference numeral 500 indicates an anode
collector, reference numeral 504 indicates a cathode
collector, reference numeral 511 an insulating plate, and
reference numeral 514 a safety vent.

Particularly, in the single-layer structure type flat
battery shown in FIG. 8, a stacked body comprising the
cathode 403 comprising the cathode active material and the

the anode 401 comprising the anode active material layer
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apparatus shown in FIG 5, the battery housing thereof was unseal ed,
fol |l owed by subjecting to washing, the resultant 62 was dissociated into
i ndi vi dual battery conmponents, and these battery conponents were separately
recovered. As the above battery, there was used a spent primary |ithium
battery in which a anode fornmed by press-lamnating a lithiumnetal foil on
an expanded netal of nickel, a cathode figrmed by applying a paste (obtained
by m xi ng .

stacked through at least the separator 407 having an

electrolyte solution retained therein is housed in the

cathode can 406 on the cathode side. The ancde side of the

stacked body in the cathode can 406 is sealed by the anode

cap 405 as the anode terminal and the residual inside space

of the cathode can 406 is packed by the gasket 410

(comprising an insulating material).

In the spiral-wound cylindrical battery shown in FIG.

9, a stacked body wounded in multiple about a predetermined

axis is housed in the cathode can 506 as the cathode

terminal such that the side face and a given bottom face

side of the stacked body are covered by the cathode can

506, said stacked body comprising at least the separator

507 having an electrolyte solution retained therein
| interposed between the cathode 508 containing the cathode

active material layer 503 formed on the cathode collectoxr

504 and the anode 502 containing the anode active material

laver ?Ol formed on the ancode collector 500. In the

uncovered side of the cathode can 506, the anode cap as the

ancde terminal is installed. The residual inside space of

the cathode can 506 is packed by the gasket 510 (comprising

an insulating material). The stacked electrode body having

the cylindrical structure is electrically isolated from the

anode cap side through the insulating plate 511. The anode

502 is electrically connected to the anode cap 505 by means
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manganese di oxide (as a cathode active material), acetylene black (as an

electrically conductive auxiliary) and pol yvinylidene fluoride (as a

bi nder)) on a nickel mesh nmenber and drying the resultant, a separator

conprising a polyethyl ene nmenber having a nunber of pores, and an

el ectrolyte solution obtained by dissolving lithiumtetrafluoroborate in an

amount of IM(nol/1) in a m xed sol vent conposed of ethyl ene carbonate (EQC

and di methyl carbonate (DMC) are seal ed4By way of caul king. And there was

used a stainless steel as the battery housing. In the follow ng, the step

of discharging and recovering the residual electric capacity in the battery
of the anode lead 512. Similarly, the cathode 508 is

electrically connected to the cathode can 506 by means of
the cathode lead 513. On the anode cap side, there is
provided the safety vent 514 for adjusting the internal
pressure of the battery. This safety vent can be utilized
for extracting the electrolyte solution to the outside as
previously described.

The prismatic battery shown in FIG. 10 comprises a
plurality of unif cells integrated in parallel connection
through a collector in a battery housing 609 having a
capping, wherein each unit cell comprises a separator 607
having an electrolyte solution retained therein interposed
between an anode 601 comprising an anode active material
and a cathode 603 comprising a cathode active material. The
anode 601 is electrically connected to an anode terminal
605, and the cathode 603 is electrically connected to a
cathode terminal 606. The prismatic battery is provided
with a’plurality of safety vents 614 at the capping of the
battery housing 609.

In the following, description will be made of each
battery constituent.

As the constituent of the gasket (410, 510), there
can be used, for example, fluororesin, polyamide resin,
polysulfone resin, or various rubbers. The battery sealing

is typically conducted by way of caulking with the use of
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prior to cooling the_ battery in the flow diagramin FIG 2, the step of
cooling the battery, the unsealing step, and the recovering step will be
sequentially explained with reference to FIGs. 2 and 5. 1. A capacitor was
el ectrically connected to the outputting term nal of the used cylindrical
primary lithiumbattery, followed by subjecting the battery to discharging,
whereby the residual electric capacity 49 the battery was transferred into
t he capacitor.

the gasket in the case of the structure as shown in FIG. 8
or 9. Besides this, it may be conducted by means of glass
sealing, adhesive sealing, welding or soldering.

As the constituent of the insulating plate 511 shown
in FIG. 9, there can be used organic resins and ceramics.

Now, for the enclosed type battery whose constituent
components are recovered in the present invention, in the
case of such configuration as shown in FIG. 8 or 9, the
electrede terminals, cathode can and anode can serve
respectively as a battery housing corresponding to the
battery housing of said enclosed type battery in which
respective battery components are housed. Particularly, in
the case of the configuration shown in FIG. 8, the cathecde
can 406 and the anode cap 405 serve respectively as a
battery housing which functions also as an outputting
terminal. In the-case of the configuration shown in FIG. 9,
the cathode can 506 and the anode cap 505 serve
respectively as a battery housing which functions also as a
terminal. The constituent of such battery housing
functioning also as the terminal may be stainless steel,
titanium clad stainless steel, copper clad stainless steel,
or nickel-plated steel.

In the configurations shown in FIGs. 8 and 9, since
the cathode can (406, 506) and the anode cap (405, 505)

function respectively also as a battery housing, they are
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2. Using the cooling apparatus 201 in FIG 5, the battery discharged in the
step 1 was inmrersed in a liquid nitrogen, followed by cooling the battery
to a tenperature | ower than the coagul ati on point of the m xed organic
sol vent (conposed of ethyl ene carbonate and di net hyl carbonate) of the
el ectrolyte solution, whereby the ionic conductivity in-the battery was
decreased. The inpedances between the positive and negative termnals
before and after the cooling treatnent were neasured by using the inpedance
nmeter as in Exanple 1. The neasured resufts reveal ed that the inpedance of
before the cooling treatnment is 60 nQ and that after the cooling

desired to be constituted by stainless steel.

As in the case of such configuration as shown in FIG.

10, when neither the cathode can nor the anode can

functions also as a battery housing, the constituent of the

battery housing can include metals such as zinc, plastics

such as polypropylene, and composites of a metal or glass

fiber with plastic.

For the enclosed type battery whose constituent
components are recovered in the present invention, it is
desired to be provided with an appropriate safety vent as
in the case of the configuration shown in FIG. 9 (wherein
the safety vent 514 is provided) or FIG. 10 (wherein the
safety vents 614 are provided) in order to ensure the
safety when the internal pressure of the battery is
incidentally increased, by communicating the inside of the
battery with the outside to thereby reduce the increased
internal pressure of the battery. The safety vent may be
constituted by a material comprising a rubber, a spring, a
metal boll or a rupture foil. The safety vent can be
utilized for extracting the electrolyte solution present in
the battery as previously described.

In the following, description will be made of each of

the anode, cathode, separator and electrolyte of the

enclosed type battery used in the present invention.
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treatnment is nore than 50 KQ Besides, only for the only electrolyte
solution, it was cool ed under the sane condition as that for cooling the
battery. And the ionic conductivities of the electrolyte before and after
the cooling treatnent. As a result, the ionic conductivity before the
cooling treatnent was found to seem ngly have been decreased to 1/10 by the
cooling treatnent. 3. The battery cooled in the step 2 was taken out in an
Ar gas atnosphere, it was nounted on the fixing table (207, in FIG 5),

foll owed by transporting by neans of t

ANCODE

The enclosed type battery in which an agueous
electrolyte solution is used and whose constituent
components are recovered in the present invention includes
lead~acid battery, nickel-cadmium battery, nickel-metal
hydride battery, and nickel~zinc battery.

The anode in these batteries comprises an ancde
active material comprising lead, cadmium, hydrogen-
absorbing alloy or zinc, and an anode collector.

The enclosed type battery whose constituent
components are recovered in the present invention also
includes various lithium batteries. The anode in these
lithium batteries comprises a principal constituent which
retains lithium therein at a stage before operating
discharging, and an anode collector.

Specific examples of such principal constituent are
lithium metals, carbonous materials in which lithium is
intercﬁlated, transition metal oxides, and lithium alloys.

The anode collector serves to supply an electric
current so that it can be efficiently consumed for the
electrode reaction upon operating charging and discharging
of to collect an electric current generated.

The anode collector may be constituted by an
appropriate material which is highly electrically

conductive and inactive to the battery reaction.
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64 transportation nechanism (208, in FIG 5) to the unsealing zone

contai ning the unsealing apparatus (204, in FIG 5) conprising a high
pressure water cutting apparatus, wherein an extra-high pressure water of
3500 Kg/cm containing a powdery abrasive was sprayed onto the battery

t hrough the nozzle to cut and unseal the battery housing of the battery. 4.
The battery thus unseal ed was subjected to washing with nethanol, where the

active lithium present in the 52

Specific examples of such material are metals such as
Ni, Ti, Cu, Al, Pt, Pd, Au, and Zn, alloys of these metals
such as stainless steel, and composite metals of tow or
more said metals.

The anode collector may be shaped in a plate-like
form, foil-like form, mesh form, porous form-like sponge,
punching metal form, or expanded metal form.

CATHOODE

The cathode in the enclosed type battery whose
constituent components are recovered in the present
invention generally comprises a cathode collector, a
cathode active material, an electrically conductive
auxiliary, and a binding agent.

The cathode is usually formed by disposing a mixture
of a cathode active material, an electrically conductive
auxiliary and a binding agent on a member capable of
sexrving as a cathode collector.

?ﬁe electrically conductive auxiliary can include
graphite, carbon blacks such as ketjen black and acetylene
black, and metal fine powders of nickel or the like.

As the binding agent in the case of using a
nonagqueous series electrolyte solution, there can be
‘1llustrated polyolefines such as polyethylene,
polypropylene, and the like; and fluororesins such as

polyvinylidene fluoride, tetrafluorcethylene polymer, and
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battery was converted into |lithiumalcoholate. Thereafter, the resultant

m xed sol vent conposed of the electrolyte solution and the nethanol was
recovered. Fromthe cylindrical can as the battery housing, the anode,
separator and cathode were taken out and they were separately recovered.
Exanple 3 In this exanple, for a coin-like shaped rechargeable |ithium
battery having the configuration shown in FIG 8, based on the flow di agram
shown in FIG 2 and using the cooling and unseal i ng apparatus shown in FlIG
5, the battery housing thereof was unsealsd, followed by

the like.

As the binding agent in the case of using an aqueous
series electrolyte solution, there can be illustrated
celluloses, polivinyl alcohol, and polyvinyl chloride, in
addition those illustrate in the case of using the
nonaqueous series electrolyte solution.

As the cathode active material in the enclosed type
battery in which an aqueous series electrolyte solution is
used and whose constituent components are recovered in the
present invention such as lead-acid battery, nickel-cadmium
battery, nickel-metal hydride battery, or nickel-zinc
battery, there is used lead oxide, nickel (III)
oxyhydroxide or nickel hydroxide.

The enclosed type battery whose constituent
components are recovered in the present invention includes
also various lithium batteries. As the cathode active
material in these lithium batteries, there is usually used
a comgéund selected from transition metal oxides,
transition metal sulfides, lithium-transition metal oxides,
and lithium-transition metal sulfides. The metals of these
transition metal oxides and transition metal sulfides can
include metals partially having a d-shell or f-shell.
Specific examples of such metal are Sc, Y, lanthanoids,
actinoids, Ti, 2Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Tc, Re,

Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag and Au. Of
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subj ecting to washing, the resultant was dissociated into individual
battery conponents, and these battery conponents were separately recovered.
As the above battery, there was used a spent coin- 65 |i ke shaped
rechargeable lithiumbattery in which a anode forned by press-lamnating a
lithiummetal foil on an expanded netal of nickel, a cathode forned by
applying a paste (obtained by mxing a lithiumnickel oxide materi al

54

these, Ti, V, Cr, Mn, Fe, Co, Ni and Cu are particularly
appropriate.

The cathode collector in the enclosed type battery
whose constituent components are recovered in the present
invention serves to supply an electric current so that it
can be efficiently consumed for the electrode reaction upon
conducting the charging and discharging or to collect an
electric current generated. The cathode collector is
therefore desired to be constituted by a material which has
a high electrical conductivity and is inactive to the
battery reaction.

The material by which the cathode collector is
constituted can include Ni, Ti, Cu, Al, Pt, Pb, Au, Zn,
alloys of these metals such as stainless steel, and
composite metals of two or more of said metals.

The cathode collector may be shaped in a plate-like
form, foil-like form, mesh form, porous form-like sponge,
punchkﬁg metal form, or expanded metal form.

Herein, the term "active material" in the foregoing
anode or cathode active material means a material which is
involved in the repetition of electrochemical reversible
reaction of charging and discharging in the battery. Said
active material can include, in addition to said material
which is involved in the above reaction by itself, other

material capable of being involved in the above reaction.
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(as a cathode active material), acetylene black (as an electrically
conductive auxiliary) and polyvinylidene fluoride (as a binder) to obtain a
m xture and and addi ng N-net hyl pyrrolidone to said m xture) on a nickel
mesh nmenber and drying the resultant, and a polyner solid electrolyte
obt ai ned by dissolving lithiumtetrafl uoroborate in an amount of IM (nol/l)
In a mxed solvent conposed of diethyl carbonate and propyl ene carbonate
with an equivalent mxing ratio and solidifying the resultant by adding

pol yet hyl ene oxide thereto are seal ed bgsway of caul king. And there was
used a stainless steel as the batter housing of the lithiumbattery.

SEPARATOR

The separator in the enclosed type battery whose
constituent components are recovered in the present
invention is disposed between the anode and the canthode,
and it serves to prevent the anode and the cathode from
suffering from internal-shorts. In addition, the separator
also serves to retain the electreolyte solution.

The separator is required to have a porous structure
capable of allowing ions involved in the charge and
discharge reaction in the battery to pass therethrough and
it is also required to be insoluble into and stable to the
electrolyte solution.

The separator is usually constituted by a nonwoven
fabric or a memberane having a micropore structure made of
glass, polyolefin such as polypropylene or polyethylene,
fluororesin, or polyamide. Alternatively, the separator may
be conétituted by a metal oxide film or a resin film
combined with a metal oxide respectively having a number of
micropores.

ELECTROLYTE

For the electrolyte used in the enclosed type battery
whose constituent components are recovered in the present
invention, there can be used an appropriate electrolyte as

it is, a solution of said electrolyte dissolved in a



In the followi ng, the step of discharging and recovering the residual
electric capacity in the battery prior to cooling the battery in the flow
diagramin FIG 2, the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with reference to FIGs.
2 and 5. As the cooling nmeans (the cooling apparatus 201 in FIG5), there

was used a cooling apparatus (trademark nane: VORTEX TUBE, produced by

VORTEX Conpany of the United 56

solvent, or a material of said solution having immobilized
using a geling agent.

However, an electrolyte soclution obtained by
dissolving an appropriate electrolyte in an solvent is
usually used in a way that said electrolyte solution is
retained on the separator.

The higher the electrical conductivity of the
electrolyte, the better. Particularly, it is desired to use
such an electrolyte that the electrical conductivity at 25
°C is preferably 1 x 10—3 S/cm or more or more preferably,
5 x 1073 S/cm or more.

In the case of a lead-acid battery, there is used an
agqueous solution of sulfuric acid as the electrolyte.

As the electrolyte in the case of a nickel-cadmium
battery, nickel-metal hydride battery, or nickel-zinc
battery, there is used an aqueous solution of an alkali.
Particularly, there is usually used an aqueous solution of
potasgium hydroxide added with lithium hydroxided.

| As the electrolyte in the case of a lithium battery,
there is usually used a given electrolyte dissolved in a
given solvent.

The electrolyte can include inorganic acids such as
HZSO4, HCl and HNOS; salts of Li+ (lithium ion) with Lewis
acid ion such as BF, , PF. . clo,", CF,S0,7, or BPh, (with

Ph being a phenyl group); and mixtures of two or more of
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66 States) in which a conpressed gas. As the conpressed gas, there was used
Cderr] gas. 1. CJerr] gas of 5 Kg/cm was fed through the gas supply
port of the foregoing cooling apparatus 201 to spray a CJerr] cold bl ast
of -40[err]C onto the used coin-like shaped rechargeable lithiumbattery,
whereby the battery was cooled to a tenperature |ower than the gl ass
transition point of the polyethylene oxide of the polyner solid

el ectrolyte. The inpedances between the gesitive and negative term nals of
the used battery before and after the coodling

said salts.

Besides these, salts of the above described Lewis
acids ions with cations such as sodium ion, potassium ion,
tetraalkylammonium ion, or the like are also usable.

In any case, it is desired that the above salts are
used after they are subjected to dehydration or
deoxygenation, for example, by way of heat treatment under
reduced pressure.

The solvent in which the electrolyte is dissolved can
include acetonitrile, benzonitrile, propylene carbonate,
ethylene carbonate, dimethyl carbonate, diethyl carbonate,
dimethylformamide, tetrahydrofuran, nitrobenzene,
dichloroethane, diethoxyethane, 1,2-dimethoxyethane,
chlorobenzene, YyY-butyrolactone, dioxolan, sulfolan,
nitrometane, dimethyl sulfide, dimethyl sulfoxide, methyl
formate, 3-methyl-2-oxdazolydinone,
2-methyltetrahydrofuran, 3-propylsydonone, sulfur dioxide,
phosphﬁhyl chloride, thionyl chloride, sulfuly chloride,
and mixtures of two or more of these.

As for these solvents, it is desired for them to be
subjected to dehydration using activated alumina, molecular
sieve, phosphorous pentaoxide, or calcium chloride, prior
to their use. Alternatively, it is possible for them to be
subjected to distillation in an atmosphere composed of

inert gas in the presence of an alkali metal, wherein

Yo e reiniare v:ent cheet

Cvnen 6 JUN 057



treatment were neasured in the sanme manner as in Exanple 1. The neasured
results reveal ed that the i npedance of before the cooling treatnent is 500
nerr] and that after the cooling treatnment is nore than 5 Merr]. Based on
this and the result of the nmeasurenent of the ionic conductivities of the
el ectrolyte solution in the same manner as in Exanple 2, the ionic
conductivity before the cooling treatnent ggas found to seem ngly have been
decreased to 1/10 as a result of the cooli-ng treatnment. 2. The battery
cooled in the step 2 was taken out in a CJerr] gas atnosphere, it was
nmounted on the fixing table (207, in FIG 5), followed by transporting by
means of mdbsture and foreign matters are removed.

In order to prevent leakage of the electrolyte
solution, it is desired for the electrolyte solution to be
gelated using an appropriate gelating agent.

The gelating agent usable in this case can include
polymers having a property such that it absorbs the solvent
of the electrolyte solution to swell. Specific examples of
such polymer are polyethylene oxide, polyvinyl alcohol, and
polyacrylamide.

In the following, the present invention will be
described in more detail with reference to examples, which
are only for illustrative purposes but not intended to
restrict the scope of the present invention to these
examples.

Example 1

In this example, for a prismatic nickel-metal hydride
battery having the configuration shown in FIG. 10, based on
the flgw diagram shown in FIG. 1 and using the apparatus
shown in FIG. 3 as a part of the previously described
recovery system, the battery housing thereof was unsealed,
followed by subjecting to washing, the resultant was
dissociated into individual battery components, and these
battery components were separately recovered.

As the above battery, there was used a used prismatic

nickel-metal hydride battery which comprises a &athode



transportati on nechanism (208, in FIG 5) to the unsealing zone containing
the unseal ing apparatus (204, in FIG 5) 67 conprising a YAG | aser
cutting apparatus, wherein | aser beamwas irradiated onto the battery to
cut and unseal the battery housing of the battery. 3. Fromthe cut
rechargeabl e battery can as the battery housing, the anode, polyner solid
el ectrolyte and cat hode were taken out anggthey were separately recovered.

comprising a porous nickel material whose porous structure
is filled by nickel hydroxide and nickel fine particles, an
anode comprising a porous nickel material whose porous
structure is filled by a powdery hydrogen storége alloy and
a binder, an electrolyte solution comprising an agqueous
solution of potassium hydroxide added with lithium
hydroxide, and a battery housing made of polyopropylene.

In the following, the step of decreasing the ionic
conductivity in the battery, the unsealing step, and the
recovering step will be sequentially explained with
reference to FIGs. 1 and 3.

1. A capacitor was electrically connected to the
terminal of the prismatic nickel-metal hydride battery,
followed by subjecting the battery to discharging, whereby
the residual electric capacity in the battery was
transferred into the capacitor.

2. The battery thus discharged was set to the
appara?hs shown in FIG. 3 such that the safety vent-bearing
face thereof was downward faced as shown in FIG. 3.

3. By actuating the vacuum pump of the vacuuming
means 105 and opening the exhaust valve 109, the inside of
the storage tank 104 was depressurized, followed by closing
the exhaust valve 109. Then, the switching valve 108 was
opened to actuate the safety vents of the battery. By this,

the internal pressure of the battery was increased and as a
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Exanple 4 In this exanple, for a cylindrical rechargeable lithiumbattery
havi ng the configuration shown in FIG 9, based on the flow di agram shown
in FIG 2 and using the cooling and unsealing apparatus shown in FIG 5,
the battery housing thereof was unseal ed, foll owed by subjecting to

washi ng, the resultant was dissociated into individual battery conponents,
and these battery conponents were separately recovered. As the above
battery, there was used a used cylindri%&l rechargeable lithiumbattery in
whi ch a anode forned by applying a paste (obtained by m xing a natural

rasult, the electrolyte solution in the battery was
extracted into the extraction pipe 103, followed by flowing
into the storage tank 104. Thereafter, the leak valve 113
was opened to introduce nitrogen gas into the apparatus,
whereby the inside of the storage tank 104 was returned to
atmospheric pressure. Then, the battery whose electrolyte
solution having been extracted was detached from the
apparatus.

The electrolyte solution of the battery was recovered
in the storage tank 104. The electrolyte solution thus
recovered can be recycled by filtrating and refining it.

4. The battery whose electrolyte solution having been
extracted obtained in the step 3 was set to a high pressure
water cutting apparatus, wherein a high pressure water
(containing a powdery abrasive) of 3500 Kg/cm2 was sprayed
onto the battery to cut and unseal the battery housing of
the battery.

%; From the unsealed battery obtained in the step 4,
the cathode, anode and separator were taken out, washed,
and dried, then followed by classification and recovery.

In this case, because the electrolyte solution had
been extracted from the battery in the step 3, even when
the anode should have been contacted with the cathode upon
taking out them, they could be safely recovered with no

energy release.
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graphite with polyvinylidene fluoride (as a binder) to obtain a mxture and
addi ng N-net hyl pyrrolidone to said m xture) on a copper foil and drying the
resultant, a cathode formed by applying a paste (obtained by m xing a
Iithiun}cobalt oxide material (as a cathode active material), acetylene
bl ack (as an electrically conductive auxiliary) and polyvinylidene fluoride
(as a binder) to 68 obtain a m xture and addi ng N-nethyl pyrrolidone to
sai d 61
In the above, for the used prismatic nickel-metal
hydride battery before the extraction of the electrolyte
solution was conducted, the impedance between the positive
and negative terminals was measured by means of an
impedance metexr. As a result, it was found to be
2 mif. And for the used prismatic battery whose electrolyte
solution having been extracted, the impedance between the
terminals was measured in the same manner. As a result, it
was found to be more than 5 MQ. This indicates that by the
above cooling, the internal resistance of the battery
seemingly has been desirably increased.
In this example, description has been made of the
recovery of the prismatic nickel-metal hydride battery.
But the recovering manner of this example is not
restrictive. The recovering manner is effective in
recovering other enclosed type batteries in which a liquid
electrolyte is used and having a safety vent such as
nicke%fcadmium battery, lead battery and lithium batteres
including lithium ion battery.
Example 2
In this example, for a cylindrical lithium battery
having the configuration shown in FIG. 9, based on the flow
diagram shown in FIG. 2 and using the cooling and unsealing

apparatus shown in FIG. 5, the battery housing therecof was

unsealed, followed by subjecting to washing, the resultant
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m xture) on an alumnumfoil and drying the resultant, a separator
conprising a polyethylene nenber having a nunber of pores, and an .

el ectrolyte solution obtained by dissolving lithiumtetrafl uoroborate in an
anount of M (nol/1) in a mxed sol vent conposed of ethylene carbonate (EC
and di methyl carbonate (DMC) with an equivalent mxing ratio are sealed by
way of caul king. There was used a stainlgss steel as the battery housing of
the battery. In the follow ng, the step-of discharging and recovering the
residual electric capacity in the battery prior to cooling the battery in

he flow diagramin FIG 2, the step of cooling the battery, the unsealin
gtgp gnd wa issociated into indi&gdual batté&y componengs, and g

these battery components were separately recovered.

As the above battery, there was used a spent primary
lithium battery in which a anode formed by press-laminating
a lithium metal foil on an expanded metal of nickel, a
cathode formed by applying a paste (obtained by mixing
manganese dioxide (as a cathode active material), acetylene
black (as an electrically conductive auxiliary) and
polyvinylidene fluoride (as a binder)) on a nickel mesh
member and drying the resultant, a separator comprising a
polyethylene member having a number of pores, and an
electrolyte solution obtained by dissolving lithium
tetrafluoroborate in an amount of 1M (mol/l) in a mixed
solvent composed of ethylene carbonate (EC) and dimethyl
carbonate (DMC) are sealed by way of caulking. And there
was used a stainless steel as the battery housing.

In the following, the step of discharging and
recovering the residual electric capacity in the battery
prior to cooling the battery in the flow diagram in FIG. 2,
the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with
reference to FIGs. 2 and 5.

1. A capacitor was electrically connected to the
outputting terminal of the used cylindrical primary lithium

battery, followed by subjecting the battery to discharging,
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the recovering step will be sequentially explained with reference to FIGs.
2 and 5. As the cooling neans (the cooling apparatus 201 in FIG5), there
was used a cooling apparatus (trademark nane: VORTE- TUBE, produced by
VORTEX Conpany of the United States) in which a conpressed gas. As the
conpressed gas, there was used Ar gas. 1. A capacitor was electrically
connected to the outputting termnal of the cylindrical rechargeable
lithiumbattery, followed by subjecting the battery to di schargi ng, whereby
the residual electric capacity in the battery was transferred into the

capaci tor. ] )
whereby the residual electric capacity in the battery was

transferred into the capacitor.

2. Using the cooling apparatus 201 in FIG. 5, the
battery discharged in the step 1 was immersed in a liquid
nitrogen, feollowed by cooling the battery to a temperature
lower than the coagulation point of the mixed organic
solvent (composed of ethylene carbonate and dimethyl
carbonate) of the electrolyte solution, whereby the icnic
conductivity in the battery was decreased.

The impedances between the positive and negative
terminals before and after the cooling treatment were
measured by using the impedance meter as in Example 1. The
measured results revealed that the impedance of before the
cooling treatment is 60 m{ and that after the cooling
treatment is more than 50 KQ.

Besides, only for the only electrolyte solution, it
was cooled under the same condition as that for cooling the
batterg. And the ionic conductivities of the electrolyte
before and after the cooling treatment. As a result, the
ionic conductivity before the cooling treatment was found
to seemingly have been decreased to 1/10 by the cooling
treatment.

3. The battery cocled in the step 2 was taken out in
an Ar gas atmosphere, it was mounted on the fixing table

(207, in FIG. 5), followed by transporting by means of the
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69 2. Ar gas of 7 Kg/cnferr] was fed through the gas supply port of the
foregoing cooling apparatus 201 to spray an Ar cold blast of -30 [err]C
onto the spent cylindrical rechargeable lithiumbattery discharged in the
step 1, whereby the battery was cooled to a tenperature |ower than the
coaguration point of the m xed solvent (conposed of the ethyl ene carbonate
and di net hyl carbonate) of the el ectrol yd& sol ution.

transportation mechanism (208, in FIG. 5) to the unsealing
zone containing the unsealing apparatus (204, in FIG. 5)
comprising a high pressure water cutting apparatus, wherein
an extra-~high pressure water of 3500 Kg/cm2 containing a
powdery abrasive was sprayed onto the battery through the
nozzle to cut and unseal the battery housing of the
battery.

4. The battery thus unsealed was subjected to washing
with methancl, where the active lithium present in the
battery was converted into lithium alcoholate. Thereafter,
the resultant mixed solvent composed of the electrolyte
solution and the methanol was recovered. From the
cylindrical can as the battery housing, the anode,
separator and cathode were taken out and they were
separately recovered.

Example 3

In this example, for a coin-like shaped rechargeable
lithi%p battery having the configuration shown in FIG. 8,
based on the flow diagram shown ig FIG. 2 and using the
cooling and unsealing apparatus shown in FIG. 5, the
battery housing thereof was unsealed, followed by
subjecting to washing, the resultant was dissociated into
individual battery components, and these battery components
were separately recovered.

As the above battery, there was used a spent coin-



The i npedances between the positive and negative term nals before and_after
the cooling treatnent were neasured in the sanme manner as in Exanple 1. The
nmeasured results reveal ed that the inpedance of before the cooling
treatment is 80,nerr] and that after the cooling treatnment is nore than 5
k[err]. Based on this and the result of the neasurenent of the ionic
conductivity of the electrolyte solutiogsin the sane manner as in Exanple
2, the ionic conductivity before the cooling treatnment was found to

seenm ngly have been decreased to 1/10 as a result of the cooling treatnent.

3. The ba&tﬁry cooled in the step 2 was taken out in _
ike’ shaped rechargeable lithium battery in which a anode

formed by press-laminating a lithium metal foil on an
expanded metal of nickel, a cathode formed by applying a
paste (obtained by mixing a lithium-nickel oxide material
(as a cathode active material), acetylene black (as an
electrically conductive auxiliary) and polyvinylidene
fluoride {as a binder) to obtain a mixture and and adding
N-methylpyrrolidone to said mixture) on a nickel mesh
member and drying the resultant, and a polymer solid
electrolyte obtained by dissolving lithium
tetrafluoroborate in an amount of 1M (mol/l) in a mixed
solvent composed of diethyl carbonate and propylene
carbonate with an equivalent mixing ratio and solidifying
the resultant by adding polvethylene oxide thereto are
sealed by way of caulking. And there was used a stainless
steel as the batter housing of the lithium battery.

In the following, the step of discharging and
recoveging the residual electric capacity in the battery
prior fo cooling the battery in the flow diagram in FIG. 2,
the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with
reference to FIGs. 2 and 5.

As the cooling means (the cooling apparatus 201 in
FIG.5), there was used a cooling apparatus (trademark name:

VORTEX TUBE, produced by VORTEX Company of the United
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an Ar gas atnosphere, it was nmounted on the fixing table (207, in FIG 5),
foll owed by transporting by neans of the transportation nechanism (208, in
FIG 5) to the unsealing zone containing the unsealing apparatus (204, in
FIG 5) conprising an extra-high pressure cutting apparatus, 70 wherein
an extra-high pressure water (containing a powdery abrasive) of 3500
Kg/cnmferr] was sprayed onto the battery to cut and unseal the battery
housi ng of the battery. 66

States) in which a compressed gas. As the compressed gas,
there was used C02 gas.

1. C02 gas of 5 Kg/cm2 was fed through the gas
supply port of the foregoing cooling apparatus 201 to spray
a CO2 cold blast of -40 °C onto the used coin-like shaped
rechargeable lithium battery, whereby the battery was
cooled to a temperature lower than the glass transition
point of the polyethylene oxide of the polymer solid
electrolyte.

The impedances between the positive and negative
terminals of the used battery before and after the cooling
treatment were measured in the same manner as in Example 1.
The measured results revealed that the impedance of before
the cooling treatment is 500 mQ and that after the cooling
treatment is more than 5 MQ. Based on this and the result
of the measurement of the ionic conductivities of the
electrolyte solution in the same manner as in Example 2,
the ioric conductivity before the cooling treatment was
found to seemingly have been decreased to 1/10 as a result
of the cooling treatment.

2. The battery cooled in the step 2 was taken out in
a CO2 gas atmosphere, it was mounted on the fixing table
(207, in FIG. §5), followed by transporting by means of the
transportation mechanism (208, in FIG. 5) to the unsealing

zone containing the unsealing apparatus (204, in FIG. 5)
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4. The battery thus unseal ed was subjected to washing with water, where the
active lithiumpresent in the battery was converted into |ithium hydroxide.
Thereafter, it was further washed, where the resultant m xed sol vent
conposed of the electrolyte solution, nethanol and water was recovered.
Fromthe cylindrical can as the battery housing, the anode, separator and
cat hode were taken out and they were separately recovered. The above m xed
sol vent conposed of the electrolyte squ%Hon, met hanol and wat er was
subjected to distillation, where the electrolyte, organic solvent and

met hanol were separately recovered. Exanple 5

comprising a YAG laser cutting apparatus, wherein laser
beam was irradiated onto the battery to cut and unseal the
battery housing of the battery.

3. From the cut rechargeable battery can as the
battery housing, the anode, polymer solid electrolyte and
cathode were taken out and they were separately recovered.

Example 4

In this example, for a cylindrical rechargeable
lithium battery having the configuration shown in FIG. 9,
based on the flow diagram shown in FIG. 2 and using the
cooling and unsealing apparatus shown in FIG. 5, the
battery housing thereof was unsealed, followed by
subjecting to washing, the resultant was dissociated into
individual battery components, and these battery components
were separately recovered.

As the above battery, there was used a used
cylindrical rechargeable lithium battery in which a anode
forme&;by applying a paste (obtained by mixing a natural
gfaphite with polyvinylidene fluoride (as a binder) to
obtain a mixture and adding N-methylpyrrolidone to said
mixture) on a copper foil and drying the resultant, a
cathode formed by applying a paste (obtained by mixing a
lithium-cobalt oxide material (as a cathode active
material), acetylene black (as an electrically conductive

auxiliary) and polyvinylidene fluoride (as a binder) to



In this exanple, using a used cylindrical rechargeable lithiumbattery
havi ng the 'same constitution as that of the cylindrical rechar geabl e
l'ithiumbattery used in Exanple 4 and based on the flow di agram shown in
FIG 2, the battery housing thereof was unseal ed, followed by subjecting to
washing, the resultant was dissociated into individual battery conponents,
and these battery conponents were separately recovered. In the follow ng,
the step of discharging and recovering e residual electric capacity in

the battery

obtain a mixture and adding N-methylpyrrolidone to said
mixture) on an aluminum foil and drying the resultant,

a separator compfising a polyethylene member having a
number of pores, and an electrolyte solution obtained by
dissolving lithium tetrafluorcborate in an amount of 1M
(mol/1l) in a mixed solvent composed of ethylene carbonate
(EC) and dimethyl carbonate (DMC) with an equivalent mixing
ratio are sealed by way of caulking. There was used a
stainless steel as the battery housing of the battery.

In the following, the step of discharging and
recovering the residual electric capacity in the battery
prior to cooling the battery in the flow diagram in FIG. 2,
the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with
reference to FIGs. 2 and 5.

As the cooling means (the cooling apparatus 201 in
FIG.5), there was used a cooling apparatus (trademark name:
VORTEXfTUBE, produced by VORTEX Company of the United
States) in which a compressed gas. As the compressed gas,
there was used Ar gas.

1. A capacitor was electrically connected to the
outputting terminal of the cylindrical rechargeable lithium
battery, followed by subjecting the battery to discharging,
whereby the residual electric capacity in the battery was

transferred into the capacitor.
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71 prior to cooling the battery in the flowdiagramin FIG 2, the step of
cooling the battery, the unsealing step, and the recovering step will be
sequential ly explained with reference to FIG 2. 1. A capacitor was

el ectrically connected to the outputting term nal of the cylindrical
rechargeable lithiumbattery, followed by subjecting the battery to

di schargi ng, whereby the residual electric capacity in the battery was
transferred into the capacitor. 2. The spe# cylindrical rechargeable

lithium

2. Ar gas of 7 Kg/cm2 was fed through the gas supply
port of the foregoing cooling apparatus 201 to spray an Ar
cold blast of -30 °C onto the spent cylindrical
rechargeable lithium battery discharged in the step 1,
whereby the battery was cooled to a temperature lower than
the coaguration point of the mixed solvent (composed of the
ethylene carbonate and dimethyl carbonate) of the
electrolyte solution.

The impedances between the positive and negative
terminals before and after the cooling treatment were
measured in the same manner as in Example 1. The measured
results revealed that the impedance of before the cooling
treatment is 80'mQ and that after the cooling treatment is
more than 5 k@. Based on this and the result of the
measurement of the ionic conductivity of the electrolyte
solution in the same manner as in Example 2, the ionic
conductivity before the cooling treatment was found to
seemingly have been decreased to 1/10 as a result of the
cooling treatment.

3. The battery cooled in the step 2 was taken out in
an Ar gas atmosphere, it was mounted on the fixing table
(207, in FIG. 5), followed by transporting by means of the
transportation mechanism (208, in FIG. 5) to the unsealing
zone containing the unsealing apparatus (204, in FIG. §5)

comprising an extra-high pressure cutting apparatus,
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battery discharged in the step 1 was imersed in a vessel filled with

wat er, followed by subjecting to quick freezing, whereby the battery was
sealed in an ice. The inpedances between the positive and negative
termnals of the used battery before and after the cooling treatnment were
measured in the sanme manner as in Exanple 1. The neasured results reveal ed
that the inpedance of before the cooling treatnent is 80 nferr] and that
after the cooling treatnment is nore than 3gk[err]. Based on this and the
result of the neasurenent of the ionic conductivity of the electrolyte
solution in the same manner as in Exanple 2, the ionic conductivity before
the cool i mretrfedat MBNle@ASR -high pressure water (containing a powdery

abrasive) of 3500 Kg/cm2 was sprayed onto the battery to
cut and unseal the battery housing of the battery.

4. The battery thus unsealed was subjected to washing
with yater, where the active lithium present in the battery
was converted into lithium hydroxide. Thereafter, it was
further washed, where the resultant mixed solvent composed
of the electrolyte solution, methanol and water was
recovered. From the cylindrical can as the battery housing,
the anode, separator and cathode were taken out and they
were separately recovered. The above mixed solvent composed
of the electrolyte solution, methanol and water was
subjected to distillation, where the electrolyte, organic
solvent and methanol were separately recovered.

Example 5

In this example, using a used cylindrical
rechargeable lithium battery having the same constitution
as thaf of the cylindrical rechargeable lithium battery
used in Example 4 and based on the flow diagram shown in
FIG. 2, the battery housing thereof was unsealed, followed
by subjecting to washing, the resultant was dissociated
into individual battery components, and these battery
components were separately recovered.

In the following, the step of discharging and

recovering the residual electric capacity in the battery
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found to seem ngly have been decreased to 1/10 by the cooling treatnment. 3.
The battery sealed in the ice in the step 2 was ~ 72 taken out in a
nitrogen gas atnosphere, it was nounted on a fixing table, followed by
transporting to a disk cutter capable of rotating at a high speed to
conduct cutting for an object, where the battery sealed in the ice was cut

71

~—

prior to coecling the battery in the flow diagram in FIG. 2,
the step of cooling the battery, the unsealing step, and
the recovering step will be sequentially explained with
reference to FIG. 2.

l. A capacitor was electrically connected to the
outputting terminal of the cylindrical rechargeable lithium
battery, followed by subjecting the battery to discharging,
whereby the residual electric capacity in the battery was
transferred into the capacitor.

2. The spent cylindrical rechargeable lithium
battery discharged in the step 1 was immersed in a vessel
filled with water, followed by subjecting to quick
freezing, whereby the battery was sealed in an ice.

The impedances between the positive and negative
terminals of the used battery before and after the cooling
treatment were measured in the same manner as in Example 1.
The measured results revealed that the impedance of before
the cogling treatment is 80 mQ and that after the cooling
treatment is more than 3 k. Based on this and the result
of the measurement of the ionic conductivity of the
electrolyte solution in the same manner as in Example 2,
the ionic conductivity before the cooling treatment was
found to seemingly have been decreased to 1/10 by the
cooling treatment.

3. The battery sealed in the ice in the step 2 was
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whereby the battery housing of the battery was unsealed. 4. The battery
t hus unseal ed was thawed, foll owed by washing wth acetone, where the
resul tant m xed sol vent conposed of the el ectrolyte solution, acetone and
wat er was recovered. Fromthe cylindrical can as the battery housing, the
anode, separator and cathode were taken out and they were separately
recovered. The above m xed sol vent conposed of the electrolyte solution,
acetone and water was subjected to distid4lation, where the electrolyte,
organi ¢ solvent and nethanol were separately recovered. Exanple 6 In this
exanple, for a prismatic rechargeable |ithium

taken out in a nitrogen gas atmosphere, it was mounted on a

fixing table, followed by transporting to a disk cutter
capable of rotating at a high speed to conduct cutting for
an object, where the battery sealed in the ice was cut
whereby the battery housing of the battery was unsealed.

4. The battery thus unsealed was thawed, followed by
washing with acetone, where the resultant mixed solvent
composed of the electrolyte solution, acetone and water was
recovered. From the cylindrical can as the battery housing,
the ancode, separator and cathcode were taken out and they
were separately recovered. The above mixed solvent composed
of the electrolyte solution, acetone and water was
subjected to distillation, where the electrolyte, organic
solvent and methanol were separately recovered.

Example 6

In this example, for a prismatic rechargeable lithium
battery having the configuration shown in FIG. 10, based on
the flow diagram shown in FIG. 2, the battery housing
thereof was unsealed, followed by subjecting to washing,
the resultant was dissociated into individual battery
components, and these battery components were separately
recovered. Though not shown in FIG. 10, in said prismatic
rechargeable lithium battery, a battery housing made of an
aluminum alloy and a battery caping provided with a pair of

outputting and inputting terminals and a plurality of
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battery having the configuration shown in FIG 10, based on the flow

di agram shown in FIG 2, the battery housing thereof was unsealed, followed
by subjecting to washing, the resultant was di ssociated into individual
battery conponents, and these battery conponents were separately recovered.
Though not shown in FIG 10, in said prismatic rechargeable lithium
battery, a battery housing made of an alumnum alloy and a battery caping
provided with a pair of outputting and inputting termnals and a plurality

of
safety vents are assembled through an O-ring and with
bises.

As the above battery, there was used a used prismatic
rechargeable lithium battery in which a anode formed by
applying a paste (obtained by mixing a natural graphite
with polyvinylidene fluoride (as a binder) to obtain a
mixture and adding N-methyl-2-pyrrolidone to said mixture)
on a copper foil and drying the resultant, a cathode formed
by applying a paste (obtained by mixing a lithium-cobalt
oxide material (as a cathode active material), acetylene
black (as an electrically conductive auxiliary) and
polyvinylidene fluoride (as a binder) to obtain a mixture
and adding N-methylpyrrolidone to said mixture) on an
aluminum foil and drying the resultant, a separator
comprising a polyethylene member having a number of pores,
and an electrolyte solution obtained by dissolving lithium
tetrafluoroborate in an amount of 1M (mol/l) in a mixed
solvenﬁ composed of ethylene carbonate (EC) and dimethyl

- carbonate (DMC) with an equivalent mixing ratio are sealed,
and a blade spring for pressing in order to shorten the
distance between the cathode and anode is inserted.

In the following, the step of discharging and
recovering the residual electric capacity in the battery
prior to cooling the battery in the flow diagram in FIG. 2,

the step of cooling the battery, the unsealing step, and
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73 safety vents are assenbl ed through an Oring and wth bises. As the
above battery, there was used a used prismatic rechargeable lithiumbattery
in which a anode forned by applying a paste (obtained by m xing a natural
graphite with polyvinylidene fluoride (as a binder) to obtain a m xture and
addi ng N-nmet hyl -2-pyrrolidone to said m xture) on a copper foil and drying
the resultant, a cathode fornmed by applying a paste (obtained by m xing a
lithiumcobalt oxide material (as a cathgde active material), acetylene

bl ack (as an electrically conductive auxiTiary) and

the recovering step will be sequentially explained with
reference to FIG. 2.

As the cooling means, there was used dryice-
metahanol.

1. A capacitor was electrically connected to the
cutputting terminal of the prismatic rechargeable lithium
battery, followed by subjecting the battery to discharging,
whereby the residual electric capacity in the battery was
transferred into the capacitor.

2. The used prismatic rechargeable lithium battery
discharged in the step 1 was immersed in a dryice-methanol
freezing agent obtained by adding a dryice to methanol,
whereby the battery was cooled to a temperature lower than
the coaguration point of the mixed solvent (composed of the
ethylene carbonate and dimethyl carbonate) of the
electrolyte solution to decrease the ionic conductivity in
the battery.

The impedances between the positive and negative
terminals of the battery before and after the cooling
treatment were measured in the same manner as in Example 1.
The measured results revealed that the impedance of before
the ccooling treatment is 70 mQ and that after the cooling
treatment is more than 1 M{. Based on this and the result
of the measurement of the iconic conductivity of the

electrolyte solution in the same manner as in Example 2,
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pol yvi nyli dene fluoride (as a binder) to obtain a m xture and addi ng

N- et hyl pyrrolidone to said m xture) on an alumnumfoil and drying the
resultant, a separator conprising a polyethyl ene nmenber having a nunber of
pores, and an el ectrolyte solution obtained by dissolving lithium

tetrafl uoroborate in an amount of IM(nol/1) in a m xed solventi conposed
of ethylene carbonate (EC) and di net hyl carbonate (DMC) with an equi val ent
mxing ratio are seal ed, and a bl ade sprimg for pressing in order to
shorten the di stance between the cathode and anode is inserted. In the
follow ng, the step of discharging and recovering the residual electric

capacity ithé heoRatt&€byductivity before the cooling treatment was
found to seemingly have been decreased to 1/10 as a result
of the cooling treatment.

3. The battery cooled in the step 2 was taken out in
an Ar gas atmosphere, and the vises were loosen to detach
the battery capping having the safety vents, whereby the
battery housing was unsealed.

4. From the battery thus unsealed, the anode,
separator, cathode and blade spring were taken out,
followed by subjecting to washing with metanol, and the
anode, separator, cathode, and blade spring and alsoc the
mixed solvent composed of the electrolyte solution and the
methanoly were separately recovered. The mixed solutién
composed of the electrolyte solution and methanol was
subjected to distillation, where the electrolyte, organic
solvent and methanol were separately recovered.

Incidentally, in each of the foregoing examples 2 to
6, the‘recovery operation was conducted for 10 batteries,
where neither smoke nor spark were occurred, the battery
components were not damaged due to burning or the like and
the battery components could be desirably recovered in any
case.

In each of the foregoing examples 2 to 6, description
has been made of the recovery of the enclosed type lithium

battery. But the recovering manner of any of these examples
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prior to cooling the battery in the flowdiagramin FIG 2, the step of
cooling the battery, the unsealing step, and 74 the recovering step wll
be sequentially explained with reference to FIG 2. As the cooling neans,
there was used dryice- netahanol. 1. A capacitor was electrically connected
to the outputting termnal of the prismatic rechargeable lithium

76

is not restrictive. The recovering manner described any of
these examples is effective in recovering other enclosed
type batteries as nickel-metal hydride battery, nickel-
cadmium battery, lead battery and the like.

As above described, according to the present
invention, for any spent, enclosed type batteries, its
constituent components can be more safely recovered while
desirably preventing them from being damaged and at a high
recovery. And the recovering apparatus (system) enables to
relatively easily recover the components of an enclosed

type battery at a reasonable cost.
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battery, followed by subjecting the battery to di scharging, whereby the
residual electric capacity in the battery was transferred into the
capacitor. 2. The used prismatic rechargeabl e |ithium bakkglyndinsGhapasd in

the step 1 was imersed in a dryice-nethanol freezing ag y
adding a dryice to nmethanol, whereby the battery was cooD%ﬁmM"ﬂmﬁp
tenperature | ower than the coaguration point of the m xe I osed
of the ethyl ene carbonate and dinethyl Jdrbonate) of the electrolyte
solution to decrease the ionic conductivity in the battery. The inpedances
bet ween the positive and negative
WHAT IS CLAIMED IS:
1. A recovering process for recovering the
constituent components of a sealed type batter comprising
at least an a cathode, an anode and an electrolyte sealed
in a battery housing, characterized in that said process
includes a step (a) of decreasing the ionic conductivity
between said cathode and anode of said sealed type battery
and a step (b) of opening said battery housing of the
sealed type battery after conducting said step (a).
2. A recovering process according to claim 1, wherein
the sealed type battery has an electrolyte solution as the
electrolyte between the anode and cathode, and the step (a)
is conducted by extracting the electrolyte solution or the
solvent of the electrolyte solution outside the battery
housing.
3. A recovering process according to claim 2, wherein
the sealed type battery has a safety vent, and a
differgmtial pressure is caused between the inside and
outside of the battery housing to actuate said safety vent,
whereby extracting the electrolyte solution or the solvent
of the electrolyte solution through said safety vent
outside the battery housing.
4. A recovering process according to claim 3, wherein

a portion of the sealed type battery where the safety vent

is provided is positioned to face in a downward direction
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termnals of the battery before and after the cooling treatnent were
measured in the same manner as in Exanple 1. The neas red results reveal ed

that the inpedance of before the cooling treatnent emmngmagat

after the cooling treatnent is nore than 1 Merr]. Bas the

result of the neasurenent of the ionic conductivity of

solution in the sane manner as in Exanpleéz 75 the |on|c con u |V|ty

before the cooling treatnment was

and the electrolyte solution or the solvent of the
electrolyte sclution is extracted through the safety vent
outside the battery housing.

5. A recovering process according to claim 2, whearein
the electrolyte solution or the solvent of the electrolyte
solution extracted outside the battery housing is
recoveread.

6. A recovering process according to claim 1, wherein
the staep (a) is conducted by at least cooling the sealed
type battery.

7. A recovering process according to claim 6, wherein
the sealed type battery has an electrolyte solution as the
electrolyte between the ancde and cathode, and the sealed
type battery is cooled to a temperature lower than the
freezing point of the solvent of the electrolyte solution.

8. A recovering process according to claim &6, wherein
a polymer solid electrolyte solidified using a polymer is
used %n the sealed type battery, and the sealed type
béttery is cooled to a temperature lower than the glass
transition temperature of the polymer of the polymer solid
electrolyte.

9. A recovering process according to claim 6, wherein
the sealed type battery is cooled by using a compressed
incombustible gas comprising one or more kinds of gas

selected from the group consisting of nitrogen gas, argon
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found to seem ngly have been decreased to 1/10 as a result of the cooling
treatnent. 3. The battery cooled in the step 2 was taken out in an Ar gas

at nosphere, and the vises were | oosen to detach the Th rhyas eplgfehavi ng
the safety vents, whereby the battery housing was uns EF t he
battery thus unseal ed, the anode, separator, cathode ng were

taken out, followed by subjecting to washing with netanol, and the anode,
separator, cathode, and bl ade spring and’8l so the nmi xed sol vent conposed of
the el ectrolyte solution and the nethanoly were separately recovered. The
m xed sol ution

gas, helium gas, carbon dioxide gas and fluoroccarbon gas.

10. A recovering process according to claim 6,
wherein the sealed type battery is cooled by immersing the
sealed type battery in a cooling agent or liquefied gas.

11. A recovering process according to claim 10,
wherein the cooling agent is a mixture of a dryice and
methanol or a mixture of a dryice and ethanol.

12. A recovering process according to claim 10,
wherein the liquefied gas is liquid nitrogen.

13. A recovering process according to claim 6,
wherein the sealed type battery is immersed in water, the
sealed type battery is frozen together with said water to
seal the sealed type battery in an ice produced, and the
sealed type battery is opened in a state in that the sealed
type battery is sealed in the ice.

14. A recovering process according to claim 1,
wherein the step (b) is conducted in an incombustible
atmosgpere.

15. A recovering process according to claim 14,
wherein the incombustible atmosphere is composed of one or
more kinds of gas selected from the group consisting of
nitrogen gas, argon gas, helium gas, carbon dioxide gas,
steam and fluorocarbon gas.

16. A recovering process according to claim 9,

wherein the step (b) is conducted in an incombustible
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conposed of the electrolyte solution and net hanol was subjected to
distillation, where the electrolyte, organic solvent and net hanol were

separately recovered. Incidentally, in each of theTﬁ@BﬁﬂQﬁBﬁmﬁﬁaﬂg s 2to

6, the recovery operation was conducted for 10 batt ther
snoke nor spark were occurred, the battery conponent ged due
to burning or the like and the battery conpgments cou

recovered in any case. In each of the foregorng exanples 2 to 6 o
description has been made of the recovery of the enclosed type lithium
battery. But the recovering manner of any of these exanples

atmosphere composed of the same gas as that used in cooling

the sealed type battery.

17. A recovering process according to claim 1,
wherein the step (b) is conducted by means of a cutting
manner selected from the group consisting of high pressure
water cutting, energy beam cutting and mechanical cutting.

18. A recovering process according to claim 17,
wherein the high pressure water cutting is a cutting manner
of spraying a high pressure water containing an abrasive
through a jet nozzle.

19. A recovering process according to claim 17,
wherein the energy beam used in the energy beam cutting is
laser beam.

20. A recovering process according to claim 1,
wherein the sealed type battery is a lithium battery in
which oxidation-reduction reaction of lithium ion is used.

21. A recovering process according to claim 1,
whereip the sealed type battery is a nickel-metal hydride
battery in which oxidation-reduction reaction of hydrogen
ion is used and a hydrogen storage alloy is used as an
anode material.

22. A recovering process according to claim 1,
wherein the sealed type battery is a nickel-cadmium
battery.

23. A recovering process according to claim 1,
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76 is not restrictive. The recovering manner described any of these
exanples is effective I n recovering other enclosed type batteries as

ni ckel - net al géggﬁ iacddl ckel - cadm um battery, lead battery and the
i ke. As above rdlng to the present invention, for any
spent, enclosed , Its constituent conponents can be nore
safely recovere Iy preventing them from bei ng damaged and at
a high 61

wherein the sealed type battery is a lead-acid battery.

24. A recovering process according to claim 20 which
further includes a step of reacting a reacting agent with
an active lithium contained in the lithium battery to
decrease the reactivity of said active lithium after the
step (b).

25. A recovering process according to claim 24,
wherein the reacting agent comprises one or more materials
selected from the group consisting of water, alcohols,
acids, and carbon dioxide.

26. A recovering process according to claim 20 which
further includes a step of conducting washing the opened
lithium battery with the use of an organic solvent which is
conducted after the step (b).

27. A recovering process according to claim 286,
wherein the organic solvent is an organic solvent'incapable
producing an azeotrope with water.

28. A recovering process according to claim 26 which
further includes a step of dissociating the sealed type
battery into individual battery components and recovering
the constituent components of the sealed type battery which
is conducted after the washing step with the use of the
organic solvent.

29. A recovering process according to claim 1,

wherein the sealed type battery is sorted depending on the
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recovery. And the recovering apparatus (system enables to relatively
easily recover t he conponents of an encl osed type battery at a reasonable
cost . J“ B “ c Claiml A recovering process for
recoverlng conponents of a sealed battery conprising at
| east a cathode an electrol yte seal ed

82

shape or the type prior to the step (a).

30. A recovering process according to claim 1 which
further includes a step of discharging the electric
residual capacity of the sealed type battery prior to
conducting the step (a).

31. A recovering process according to claim 30,
wherein in the step of discharging the residual electric
capacity, an energy discharged is recovered.

32. A recovering apparatus for recovering the
constituent components of a sealed type batter comprising
at least an a cathode, an anode and an electrolyte housed
in a battery housing, said apparatus comprising at least a
means (i) for decreasing the ionic conductivity between
sald cathode and anode of said sealed type battery and a
means (ii) for opening said battery housing.

33. A recovering apparatus according to claim 32,
wherein the sealed type batter comprises an electrolyte
solut%@n as the electrolyte between the anode and cathode,
and the means (i) comprises a liquid extraction means (i-a)
for extracting the electrolyte solution or the solvent of
the electrolyte solution outside the battery housing.

34. A recovering apparatus according to claim 33,
wherein the sealed type battery has a capping provided with
a safety vent, and the liquid extraction means (i-a)

includes a means (i-b) for causing a differential pressure
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in a battery housing, said electrolyte being positioned between sai d
cat hode and sai d anode and said electrolyte conprising an
el ectrolyte solution which conprises a solvent, charagigLd z8%hclMRd h sai d

process includes a step (a) of transporting said ! utlon
or the solvent of said electrolyte solution from_tEﬂH ﬁﬂ% !E
battery housing to the outside of said bastery housi t he
conduct ance between said cathode and sSaid anode of said seal ed battery
and a step (b) of opening said battery housing of the sealed
battery after conducting said step (a).
between the inside and outside of the battery housing
through said safety vent to actuate said safety vent
whereby extracting the electrolyte solution or the solvent
of the electrolyte sclution outside the battery housing.
35. A recovering apparatus according to claim 34,
wherein the means (i-b) comprises at least a wvessel (i-c)
capable of being vacuumed and which is provided with an
exhausting means.
36. A recovering apparatus according to claim 35,
wherein the vessel (i-c) has a member capable of tightly
contacting or joining with an exterior wall face portion of
the battery housing of the sealed type battery, said
exterior wall face portion comprising a portion of the
capping, said portion including the neighborhood of the
safety bent, and said member having an opening through
which said exterior wall face portion is communicated with
the vessel (i-~c) so that the electrolyte solution or the
solveqﬁ therecof in the sealed type battery is capable of
being extracted through said member into the vessel (i-c).
37. A recovering apparatus accordingugg;claim 35,
wherein a passage capable of introducing air, nitrogen gas
or inert gas is provided at the vessel (i-c) through a
valve.

38. A recovering apparatus according to claim 34,

wherein a closed space comprising a part or the entire of
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Claim2 A recovering process according to claim1, wherein the seal ed

battery has a safety vent, and a differenti al pressure betmeen the inside

and the outside of the battery housing actuates s d
extract the electrolyte solution or the so ctrolyte
solution through said safety vent to the outside o ou5|ng

78 -

84

an exterior wall face of the battery housing including the
neighborhood of the safety vent and the vessel (i-c) is
formed such that the safety vent is situated within said
closed space and that the internal pressure of said closed
space is capable of being decreased to be lower than that
of the sealed type battery, wherein the electrolyte
solution or the solvent thereof in the sealed type battery
is capable of being extracted into said closed space.

39. A recovering apparatus according to claim 38,
wherein the closed space is established after the internal
pressure of the vessel (i-c) is decreased to be lower than
the atmospheric pressure by means of an exhausting means.

40. A recovering apparatus according to claim 38,
wherein after the closed space is formed, the internal
pressure of the closed space is decreased to be lower than
that of the sealed type battery by means of an exhausting
means connected to the vessel (i-c).

%1. A recovering apparatus according to claim 32,
wherein the means (i) comprises at least a means {i-d) for
cooling the sealed type battery.

42. A recovering apparatus according to claim 41,

wherein the cooling means (i-d) is for freazing the sealed

type battery to a temperature lower than the freezing point

of the solvent of the electrolyte solution.

43. A recovering apparatus according to claim 41,
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A recovering process according to claim?2, wherein a portion of the seal ed
battery where the safety vent is provided is positioned to face in a
downwar d di r ectih@shandastshe repigelir ol yte sol ution or the solvent of the

el ectrolyte solu ted through the safety vent to the outside
of the battery h vering process according to claim1. wherein-

the electrolyte e sol vent the electrolyte solution
extracted to the outside of the battery-housing is recovered. A recovering
process for recovering the constituent conmponents of a seal ed

battery conprising at
wherein a polymer solid electrolyte solidified by a polymer

is used as the electrolyte in the sealed type battery, and
the cooling means (i-d) for cooling the sealed type battery
to a temperature lower than the glass transition
temperature of the pcoclymer of the polymer solid
electrolyte.

44. A recovering apparatus according to claim 41,
wherein a compressed incombustible gas comprising one or
more kinds of gas selected from the group consisting of
nitrogen gas, argon gas, helium gas, carbon dioxide gas and
fluorocarbon gas is used in the cooling means (i-d).

45. A recovering apparatus according to claim 41, a
cooling agent or liquéfied gas is used in the cooling means
(i-d).

46. A recovering apparatus according to claim 45,
wherein the cooling agent is a mixture of a dryice and
methanol or a mixture of a dryice and ethanol.

%ﬁ. A recovering apparatus according to claim 45,
wherein the liquefied gas is liquid nitrogen.

48. A recovering apparatus according to claim 41,
wherein the cooling means (i-d) is for immersing the sealed
type battery in water and freezing the enclosed type
battery together with said water to seal the sealed type
battery in an ice produced, and the opening means (ii) is

for opening the sealed type battery sealed in the ice.
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| east a cathode, an anode and an el ectrolyte conprising an electrolyte
seal ed I n a battery housing, said electrolyte being positioned said
cat hode and sai d anode and said electrolyte conprising an

el ectrol yte sol GFif giget\ilas Besn Bepiaoed ses a sol vent, characterized in that said
process incl udes ling said sealed battery to a tenperature
| ower than the fr f the solv%%t of said electrolyte solution

to decrease the conductance between sai d ¢at hode and said anode and a

49. A recovering apparatus according to claim 32,
wherein the opening means (ii)} includes a means capable of
making the atmosphere in which to open the sealed battery
is conducted by means of the opening means (ii) to be an
incombustible atmosphere.

50. A recovering apparatus according to claim 49,
wherein the incombustible atmosphere is composed of one or
more kinds of gas selected from the group consisting of
nitrogen gas, argon gas, helium gas, carbon dioxide gas,
steam and fluorocarbon gas.

51. A recovering apparatus according to claim 50,
wherein the sealed type battery is opened by means of the
opening means (ii) in an incombustible atmosphere composed
of the same gas as that used in cooling the sealed type
battery by means of the cooling means (i-d).

52. A recovering apparatus according te claim 32,
wherein the opening means (ii) comprises a cutting means
selected from the group consisting of high pressure water
cutting, energy beam cutting and mechanical cutting.

53. A recovering apparatus according to claim 52,
wherein the high pressure water cutting means comprises a
jet nozzle and is a cutting means for spraying a high
pressure water containing an abrasive through the jet
nozzle.

54. A recovering apparatus according to claim 52,
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-79 - step (b) of opening said battery housing of the sealed battery after
conducting said step (a). A recovering process for recoverlng the

constituent conponents of a seal ed battery conprisi ngﬂastShleeblsstBean
an anode and a pol yrmer solid electrolyte soli

solidifying pol ymer sealed in a battery housing, SO|Id
el ectrol yte being positioned between said cathode and s | ano e,
characterized in that said process includesya step (a) of cooling said

seal ed battery to a tenperature |ower thamthe glass transition tenperature

of said
wherein the energy beam used in the energy beam cutting is

lasexr beam.

55. A recovering apparatus according to claim 32,
wherein the sealed type battery is a lithium battery in
which oxidation-reduction reaction of lithium ion is used.

56. A recovering apparatus according to claim 32,
wherein the sealed type battery is a nickel-metal hydride
battery in which oxidation-reduction reaction of hydrogen
ion is used and a hydrogen alloy is used as anode material.

57. A recovering apparatus according to claim 32,
wherein the sealed type battery is a nickel-cadmium
battery.

58. A recovering apparatus according toc claim 32,
wherein the sealed type battery is a lead-acid battery.

59. A recovering apparatus according to claim 55
which further includes a means for reacting a reacting
agent with an active lithium contained in the lithium
battery to decrease the reactivity of said active lithium
after the lithium battery is opened.

60. A recovering apparatus according to claim 59,
wherein the reacting agent comprises one or more materials
selected from the group consisting of water, alcohols,
acids, and carbon dioxide.

1. A recovering apparatus according to claim 32

which further comprises a means for conducting washing with
This is the replacement shee
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solidifying polymer of said polyner solid electrolyte to decrease the
conduct ance between said cathode and said anode and a step (b) of opening

said battery rnhnﬂh Haf | ed battery after conducting said step (a).
Claim7 A recov ccording to claim5 or 6, wherein the seal ed
battery is cool essed inconbustible gas conprising one or
nore gases selecte ron1the group consisting of nitrogen gas, argon gas,

hel i um gas, carbon di oxi de gas and f1 uBfocar bon gas. claim8 A recovering
process according to claim 5 or 6,

the use of an organic solvent after the sealed type battery
is opened.

62. A recovering apparatus according to claim 61,
wherein the organic solvent is an organic solvent incapable
producing an azeotrope with water.

63. A recovering apparatus according to claim 61 or
62 which further comprises a means for recovering the
constituent battery components after washing the opened
battery with the use of the organic solvent.

64. A recovering apparatus according to claim 32
which further comprising a means for sorting the sealed
type battery depending on the shape or the type prior to
cooling said sealed type battery.

65. A recovering apparatus according to claim 32
which further comprises a means for discharging the
electric residual capacity of the sealed type battery prior
to cooling said battery.

66. A recovering apparatus according to claim 65,
wherein the discharging means includes a means recovering
an energy discharged.

67. A recovering apparatus according to claim 50
which further comprises a means for recovering the
incombustible gas ;f the opening atmosphere and purifying
the incombustible gas recovered to recycle.

68. A recovering apparatus according to claim 44

This, i the, replacemant sheet
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wherein the sealed battery is cooled by imersing the sealed battery in a
cooling agent. A recovering process according to claim.g@8. wherein - 80 -

the cooling agent is a mxture of a dry ice and net han ’F’S'?i;’m‘a P Bendacaf a
i ery i's

dry ice and ethanol. A recovering process according to
which further comprises a means for recovering the gas used

wherein the sealed battery is imersed in water, the se
frozen together wth said water to 89

in cooling the sealed type battery and purifying the gas

recovered to recycle.

i
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seal the sealed battery in the ice produced and the seal ed battery is
opened while the sealed battery is sealed in the ice. aim1ll A recovering
process according to claim1l1l, wherein the step (b) S conducted in
an i nconbusti bl e at nosphere. Claim 12 A recovering process according to
claim 11, wherein the inconbustible &nosphere conprises a gas sel ected
fromthe group consisting Qfchidd0gen gas, argon gas, heliumgas, carbon
di oxi de gas, steam and fluorocarbon

PROCESS AND APPARATUS FOR RECOVERING COMPONENTS

OF SEALED TYPE BATTERY

A recovering process for recovering the constituent
components of a sealed type batter comprising at least an a
cathode, an anode and an electrolyte sealed in a battexry
housing, characterized in that said process includes a step
{(a) of decreasing the ionic conductivity between said
cathode and anode of said sealed type battery and a step
(b) of opening said battery housing of the sealed type
battery after conducting said step (a). An apparatus

suitable for practicing said recovering process.

FIG. 5
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gas. Claim13 A recovering process according to claim?, wherein the step
(b) is conducted in an inconbustible atnosphere conposed of the sane gas as
that used in cooling the sealed battery. A recovering process according to
claiml1, wherein the step (b) is conducted with a cutting nethod
selected fromthe group consisting of high pressure water

1

FIG T

a1 USED SEALED TYPE BATTERIES

THE USED SEALED TYPE

BATTERIES ARE SORTED DEPENDING
ON THE SHAPE OR THE TYPE

a—3 | DECREASING THE IONIC CONDUCTIVITY
BETWEEN THE CATHODE AND ANODE

a—-4 THE BATTERY HOUSING IS OPENED

A BODY COMPRISING THE BATTERY
a—> COMPONENTS PRESENT INSIDE
THE BATTERY HOUSING IS TAKEN QUT

a—6 THE BODY IS WASHED

THE BODY IS DISSOCIATED INTO
a—7 INDIVIDUAL BATTERY
COMPONENTS AND THEY ARE RECOVERED

et



-81 - cutti-ng, |aser beamcutting and nechani cal cutting. A recovering
process according to claim 14, wherein the high pressure water cutting
conpri ses spraying water containing an abrasive at high pressure through a
jet nozzle. A recovering process according to claiml1, 5 or 6, wherein the
sealed battery is a lithiumbattery in which oxidation-reduction reaction
of lithiumion is used. A recovering précess according to claimi1, 5 or 6,
wherein the sealed battery is a nickel-netal hydride battery in which

oxi dation-reduction reaction of hydrogen

F1G 2

b—1 USED SEALED TYPE BATTERIES

THE USED SEALED TYPE

b—2 BATTERIES ARE SORTED DEPENDING
ON THE SHAPE OR THE TYPE
COOLING
b—3 THE IONIC CONDUCTIVITY

OF THE ELECTROLYTE IS DECREASED

THE BATTERY HOUSING IS OPENED
b—4 IN AN INCOMBUSTIBLE ATMOSPHERE

IN THE CASE WHERE THE SEALED
TYPE BATTERY IS BASED
ON A LITHIUM BATTERY,A REACTING
AGENT IS REACTED WITH THE ACTIVE
b—5 LITHIUM PRESENT IN THE BATTERY
TO DECREASE THE REACTIVITY
OF THE LITHIUM

A BODY COMPRISING THE BATTERY
b—6 COMPONENTS PRESENT INSIDE
THE BATTERY HOUSING IS TAKEN OUT

THE BODY IS WASHED
b—-7 WITH AN ORGANIC SOLVENT

THE BODY IS DISSOCIATED INTO
b—-8 INDIVIDUAL BATTERY
COMPONENTS AND THEY ARE RECOVERED
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ion is used and a hydrogen storage alloy is used as an anode material. A
recovering process according to claiml1l, 5 or 6, wherein the sealed battery
is a nickel-cadm um battery. A recovering process according to claim1l. 5
or 6, wherein the sealed battery is a lead acid battery. Caim20 A
recovering process according to claim16 which further includes a step of
reacting a reacting agent wwth an active lithiumcontained in the l[ithium
battery to decrease the reactivity of said active lithiumafter the step
(b). 3

FIG. 3

VA A A A A4

T %
{ 4101
: A
N H—102
113
106
109
> 108 ﬁ
103_\ : /:11111/7_17\//ffjJ:QE
/ g g
/ ! 4 O
, 1 g ,
§ 1 ¢ N
] q 105
’ A//l////77//////l/
110
104

e e nigeemaem thapt

Ca =6 JuN 95T



- 82 - A recovering process accordi ng to claim 20, wherein the
reacting agent conprises one or nore materials selected fromthe group
consi sting of water, alcohols, acids, and carbon dioxide. Claim22 A
recovering process according to claim20 which further includes a step of
washi ng the opened lithiumbattery using an organic solvent after the step

(b).
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Claim 23 A recovering process according to claim 22, wherein the organic_
sol vent is an organic solvent incapable of producing an azeotrope with

wat er. A recovering process according to claim 22 which further includes a
step of dissociating the sealed battery into individual battery conponents
and recovering the constituent conponents of the sealed battery after the
washi ng step using the organic solvent. claim25 A recovering process
according to claiml. 5 or 6. wherein the sealed battery is sorted
dependi ng on the 5
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shape or the type prior to the step (a). Caim26 A recovering process
according to claiml1, 5 or 6 which further includes a step of discharging
the residual electric capacity of the sealed battery prior to
conducting the step (a). - 83 - Caim 7 A recovering process
accordi ng to claim 26,
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wherein in the step of discharging the residual electric capacity, an
energy discharged is recovered. Claim28 A recovering appar at us for
recovering the constituent conmponents of a sealed battery conprising at
| east a cat hode, an anode and an el ectrolyte housed in a battery housing,
sai d el ectrolyte bei ng positioned between said cathode and said
anode and said electrolyte conprising an electrol yte solution which
conprises a solvent, said apparatus conprising at |least a neans (i) for
decreasi ng the conductance between said cathode and sai d anode of said
seal ed battery and a neans T

FIG. 7/
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(i1i1) for opening said battery housing, said neans (i) conprising a liquid
extraction neans (i-a) for extracting said electrolyte solution or the
solvent of said electrolyte solution outside said battery housing. Caim29
A recovering apparatus according to claim28, wherein the sealed battery
has a capping provided with a safety vent, and the |liquid extraction neans
(i-a) includes a neans (i-b) for causing a differential pressure between
the inside and the outside of the battery housing through said safety
vent to actuate said safety vent, to extract the electrolyte solution or

t he solvent of the 8

F1G. 8

v

This I8 the reptac.emmi sheet



el ectrolyte solution to the outside of the battery housing. - 84 -

Claim 30 A recovering apparatus according to
(i-b) conprises at |east a vessel (i-c) capa
which is provided wth an exhausting neans.

claim 29, wherein the neans
bl e of being evacuated and
claim31
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—Tnm

A recovering apparatus according to claim30, wherein the vessel (i-c)
has a nenber capable of tightly contacting or joining with an exterior wall
face portion of the battery housing of the sealed battery, said exterior
wal | face portion conprising a portion of the capping, said portion

I ncl udi ng the nei ghborhood of the safety vent, and said nenber having an
openi ng through which said exterior wall face portion is conmunicated with
the vessel (i-c) so that the electrolyte solution or the solvent thereof in

the seal ed battery can be extracted through said nmenber into the vessel
(i-c). Gdaim37 10
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. . . 4300664 - F
A recovering apparatus according to claim 30, wherein a passage capable
of introduci _n% air, nitrogen gas or inert gas is provided atI’F&z vessel

(i-c) throdg e\ Has Been Replaceds oy er j ng appar atus according to claim 29,

wherein a cl E'I rising at | east a part | face

of the batte | udi ng the nei-gibbor hood ofREMACEMENT SHEET {and

the vessel (i-c) is fornmed such that the safety vent § ' nt Bin
| 927 sER*feds

said cl osed space and the internal pressure of sai

Q

What is claimed is:

Claim 1

A recovering process for recovering the constituent
components of a sealed battery comprising at least a
cathode, an anode and an electrolyte solution sealed in a
battery housing, characterized in that saild process
includes a step (a) of transporting said electrolyte
solution or the soclvent of sald electrolyte sclution from
inside said battery housing to outside sald battery housing
to thereby decrease the conductance between said cathode and
sald anode and a step (b) of opening said battery housing
of said sealed battery after conducting said step (a).
Claim 2

A recovering process according to claim 1, wherein
the sealed battery has a safety vent, and a differential
pressure is caused between the inside and outside of the
battery housing to actuate saild safety vent, whereby
extracting the electrolyte solution or the solvent of the
electrolyte solution through said safety vent outside the
battery housing.
Claim 3

A recovering process according to claim 2, wherein
a portion of the sealed battery where the safety vent is
provided is positioned to face in a downward direction and
the electrolyte solution or the solvent of the electrolyte

solution is extracted through the safety vent ocutside the
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- 85 - can be decreased to be lower than the pressure inside the sealed
battery, whgrehl: ii®:al @phial yte solution or the solvent thereof in the
seal ed batte cted into said closed space—¢iarfi34-—A
recovering %\aﬁmm%mgm@dl ng to claim33, wherein REBL&@B@EH?%‘&%}' i s
est abl i shed ternal presggre of the ves$el (T-C) 1S decyelased

to be lower than the atnospheric pressure by neans of |an ﬁxpaqsth@@ weqns.
d aim 35 ot T

battery housing.
Claim 4

A recovering process according te claim 1, wherein

the electrolyte sclution ox the solvent of the electrolyte
solution extracted outside the battery housing is
racovered.

Claim 5

A recovering process for recovering the censtituent
components of a sealed battery comprising at least a
cathode, an anode and an electrolyte comprising a polymer
solid electrolyte solidified using a polymer which are
sealed in a battery housing, characterized in that said
process includes a step (a) of cooling said sealed battery
to a temperature which is lower than the glass transition
temperature of the polymer of sgaid polymer solid
electrolyte to theraby decrease the conductance between said
cathode and said anode and a step (b) of opening said
battery housing of sald sealed battery after conducting
said step (a).

Claim §

A recovering process for recovering the constituent
components of a sealed battery comprising at least a
cathode, an anode and an electrolyte sealed in a battery
housing, characterized in that said process include a step
(a) of cooling said sealed type battery by using a
compressed incombustible gas comprising one or more kinds
of gas selected f£from the group consisting of nitrogen gas,

argon gas, helium gas, carbon dioxide gas, and fluorocarbon

Thiz is the ruplacement sheet
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A recovering apparatus according to claim 33, mher¢R A Fiosied
space i s fornmedThit $ieetitat B REpIRELSSUr € of the cl osed|Space eld to
be lower than th d battery by means of ains
connected to theﬂ"ﬂggw@iﬂﬁﬂﬁd aim36 A recoveri or
recovering t he cons nponentg9ef a seal ed [ at

| east a cat hode, an anode and an el ectrolyte conpris
solution housed in a battery housing, said el ectrol yte

bet ween ;fggasat&wdetaaéew %&%@”@héa'&ﬂﬂdﬂdt@eﬁﬁé@ﬁ' $kAg an

cathode and said anode and a step (b) of opening said

battery housing of said sealed battery after conducting
said step (a).
Claim 7

A recovering process for recovering the constituent
components of a sealed Dbattery comprising at least a
cathode, an ancde and an electrolyte sealed in a battery
housing, characterized in that said process include a step
(a2) of cooling said sealed type battery by immersing
said sealed type battery in a cooling agent comprising a
mixture of a dry ice and methanol or a mixture of a dry ice
and ethanol to thereby decrease the conductance betwesen
said cathode and saild anode and a step {(b) of opening said
battery housing of said sealed battery after conducting
said step (a).
Claim 8

A recovering process for recovering the constituent
components of a sealed battery comprising at least a
cathode, an anode and an electrolyte sealed in a battery
housing, characterized in that said process include a step
(a} of cooling said sealed type battery by immersing
said sealed type battery in water and freezing said
sealed type battery together with said water to seal
said sealed type battery in an ice produced, whereby
decreasing the conductance between said cathode and said
anode, and a step (b) of opening said battery housing of

said sealed battery in a state of being sealed in the

] 0 B0 I | b - Wg |
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sol ution mhich conprises a solvent, said apparatus conprising at
a mgéme&r(ak?s

ano ﬁelc battery and a neans (ii) for O@fﬁ?ﬁﬁf&ﬁh&“b&%%G*
hou g”m s (i) conprising a cooling nmeans I@EPL EMENE SH&E)T
cool'i d battery to a tenpeggture |ower fhan thé TT €€z

of the solvent of said electrolyte solution. Go SES 1859

|

jce after conducting said step (1a).

Claim 9

A recovering process according to any of claims 1,
5, 6, 7 and 8, wherein the step (b) is conducted in an
incombustible atmosphere.
Claim 10

A recovering process according to claim 9, wherein
the incombustible atmosphere is composed of one or more
kinds of gas selected from the group consisting of
nitrogen gas, argon gas, helium gas, carbon dioxide gas,
steam and fluorocarbon gas.
Claim 11

A recovering process according to claim 6, wherein
the step (b) is conducted in an incombustible atmosphers
composed of the same gas as that used in cooling the
sealed type battery.
Claim 12

A recovering process for recovering the constituent
components of a sealed battery comprising at least a
cathode, an anode and an electrolyte sealed in a battery
housing, characterized in that said process include a step
(a) of decreasing the conductance between said cathode and
said anode and a step (b) of opening said battery housing
of said sealed battery by means of a cutting manner
selected from the group consisting of high pressure water
cutting, energy beam cuttling and mechanical cutting.

Claim 13

A recovering process according to claim 12, wherein

RAR ) o

| east

decreasing the conductance bet ween sai d cat hode and said
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A recovering appar at us for recovering t he céﬁﬁgﬁ@@g@qugmqqd nts
of a seal ed bat&&ggﬁgqgg'ég at | east a cathode, an; anode-ang-ah---y |
el ectrol yte conpr T solid electrolyte solidified by, a | }
solidifying poly u&amHm battery housing, said electrolyte bej n;g
posi ti oned betwe e and s8id anode, said épgaLangwggﬁ riising
at least a means (i) f or decreasing the conductance! between said cat hode
and sai d anode of said sealed battery and a neans (il)-for--epeni-ng-said
battery hougheghigh br@ssrd | vaE@RPELELRAGA 16O | AgrFBANSmAdnd) ber
cooling said sealed battery to a tenperature |ower than the gl ass
transiti on spraypegatair bigh pmamskure water containing an abrasive

through a jet nozzle,
Claim 14

A recovering process according to claim 12, wherein
the energy beam used in the energy beam cutting is laser
beam.
Claim 13

A recovering process according teo any of claims 1.
5, 6, 7, 8, and 12, whersin the sealed type battery is a
lithium battery in which oxidation-reduction reaction of
1ithium ion is used.
Clainm 16

A recovering process according to any of claims 1,
5, 6, 7, 8, and 12, wherein the sealed type battery is a
nickel-metal hydride battery in which oxidation-reduction
reaction of hydrogen ion is used and a hydrogen storage
alloy is used as an anode material.
Claim 17

A recovering procass for recovering the constituent
components of a sealed nickel-~cadmium battery
comprising'at least a cathode, an anode and an electrolyte
solution sealed in a battery housing, characterized in
that saild process includes a step (a) of decreasing the
conductance between said cathode and said ancde and a step
{(b) of opening said battery housing of said sealed

nickel-cadmium battery after conducting said step (a).
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pol ymer of said polyner solid electrolyte.
according to claln1%§ QLa37, wherein a conpre

conpr|5| Y ases selected fromth
gas, argo car bon di oxi de gap,
used an t s (|-d) Claim$3d A r

to cIa|n136 or 37, wherein a cooling agent is

ww‘ﬁb

.--~,

eC v rlng appar dt Us accordi ng
used_in_the codlijng neans (i-

LaLsaﬁA“recoverlng appar at us

;z%@@m

bgn gas is

¢g I gas
e of nitrogen
zg

d) .

A

A recovering process for recovering the constituent
components of a sealed lead-acid battery comprising at
least a cathode, an anocde and an electrolyte sealed in a
battexy housing, characterized in that sald process
includes a step (&) of decreasing the conductance between
said cathode and said anode and a step (b) of opening said
battery housing of said sealed lead-acid battery after
conducting said step (a).
Claim 19

A recovering process for recovering the constituent
components of a sealed lithium battery comprising at
least a cathode, an anode and an electrolyte sealed in a
battery housing, characterized in that said process
includes a step {a) of decreasing the conductance between
said cathode and said anode, a step (b) of opening =said
battery housing of said sealed lead-acid battery aftex
conducting said step (a), and a step (c) of reacting a
reacting agent with an active lithium contained in the
lithium battery to decrease the reactivity of sald active
lithium after said step (b).
Claim 20

A recovering process according to claim 19, wherein
the reacting agent comprises one or more materials
selected from the group consisting of water, alcohols,
acids, and carbon dioxide.
Claim 21

A recovering process for recovering the constituent

TS O B R



- 87 - Caim40 A recovering apparatus according to cl REfEéEEME@Hﬁ&%E
f aidry

cooling agent i s TaisSheetiasBeafReplacgty i ce and methanol érfa mixture o
ice and et hanol. A aratus according to clainm(3b $FF 3303
wherein the cooling s for imersing the s¢alfed battery in

wat er and freezing e sealed battery-g8dgether with sajdwarer-to seal the
seal ed battery in the ice produced, and the opening neans (ii) is_faor
openi ng t he

components of a sealed lithium battery comprising at

least a cathode, an anode and an electrolyte sealed in a
battery housing, characterized in that said process
includes a step (a) of decreasing the conductance between
said cathode and said anocde, a step (b} of opening said
battery housing of said sealed lead-acid battery after
conducting said step (a), and a2 step {(c} of washing the
opened lithium battery with the use of an organic solvent
after said step (b).
Claim 22

A recovering process according to claim 21, wherein
the organic solvent is an organic solvent incapable of
producing an azeotrope with water.
Claim 23

A recovering process according to claim 20 which
further includes a step of dissociating the lithium
battery washed with the organic solvent into individual
battery components and recovering the constituent
components of the lithium battery.
Claim 24

A recovering process for recovering the constituent
components of a sealed battery comprising at least a
cathode, an anode and an electrolyte sealed in a battery
housing, characterized in that said process includes a
step (a) of decreasing the conductance between said cathode
and said anode, a step (b) of opening said battery housing
of said sealed battery after conducting said step (a),

wherein prior to conducting said step (a), said sealed
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seal ed battery sealed in the ice. A recovering appar elﬂE?LABEME@JﬂngHEET | ai m
28, 3 ‘sﬁeetazsamwm t he opening neans (ii) includgs[a meanms—to—epen| t he

seal ed i i nconbusti bl e at nosphere. C aim4 g
appar at E“%m‘; w o claim42. wherein the inconbust bpeg S‘fpﬁggéére
corrprl nore gases selected frogathe group foks+sting.of niftriogen

gas. argon gas, helium gas, carbon dioxide gas, stepam and fl uorocarhon
gas. Claim44 A recovering apparatus according to crarnrss;

battary is sorted depending on the sghape or the typs.
Claim 25

A recovering process for recovering the constituent

components of a sealed battery comprising at least a
cathode, an anode and an electrolyte sealed in a battery
housing, characterized in that said process includes a
step (a) of discharging the residual electric capacity in
sald sealed battery and recovering energy discharge, a step
(b) of decreasing the conductance between saild cathode and
said anode of said sealed battery after conducting said
step {(a), and a step (c¢) of opening said battery housing
of sald sealed battery after conducting said step (b).
Claim 26

A recovering apparatus for <recovering the
constituent components of a sealed battery comprising at
least an a cathode, an anode, and an electrolyte housed in
a battery housing, said electrolyte being arranged
between said cathode and saild anode, said electrolyte
comprising an electrolyte solution, said apparatus
comprising at least a liguid extraction means (i) for
extracting the electrolyte solution or the solvent thereof
from inside the battery housing to outside the battery
housing, and an opening means (11) for opening the
battery housing.
Claim 27

A recovering apparatus according to claim 26,
wherein the sealed battery has a capping provided with a

safety vent, and the liquid extraction means (i} includes

This is the replacement sheet
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an i nconbusti bl e ﬁt’ DS enc e ed of the sane ggs|{ as t atused
cooling the seal s of the coolin [

Claimi45 A recoverm according to clagi ‘
wherein the openin rrprlsgss_a cuttlng? r’reams—-seJ—ec;Lede?omthe

group consi sting of hi gh pressure ]

e AT

a means (i-a) for causing a differential pressure between
the inside and outside of the battery housing through said
safety vent to actuate said safety vent whereby extracting
the electrolyte solution or the solvent of the electrolyte
solution outside the battery housing.
Claim 28

A recovering apparatus according to claim 27, wherein
the means {(i-a) comprises at least & vessel (i-b)} capable
of being vacuumed and which 13 provided with an
exhausting means.
Claim 29

A recovering apparatus according to claim 28, wherein
the vessel (i-b) has a member capable of tightly contacting
or ijoining with an exterior wall face portion of the
battery housing of the sealed battery, said exterior wall
face portion comprising a portion of the capping, said
portion including the neighborhood of the safety vent, and
said member having an opening through which said exterior
wall face portion is communicated with the vessel (i-b) so
that the electrolyte solution or the solvent thereof in
the sealed battery is capable of being extracted through
said member into the vessel (i-b}.
Claim 30

A recovering apparatus according fto claim 28,
wherein a passage capable of introducing air, nitrogen gas

or inexrt gas is provided at the vessel (i-b) through a

valve.
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water cutting, |aser beam cutting and nechani cal,

recover | ng. aRAALEbUIRaaLAr ding Lo cl aim 45, whiEREDIAGHMER
wat er CUt

abraS|ve

appar at us
lithiumbattery in which oxidation-reduction rea
used. C aim48

rises a jet nozzle for s :
“ﬁﬂ% |3 gme through the jet nozzlej |
| aim 28, 36, oB637, whergi

Claim 31

A recovering apparatus according to claim 27,
wherein a closed space comprising a part or the entire of
an exterior wall face of the battery housing including the
neighborhood of the safety vent and the vessel (i-b) is
formed such that the safety vent is situated within said
closed space and that the internal pressure of said closed
space is capable of being decreased to be lower than that
of the sealed battery, wherein the electrolyte solution or
the solvent thereof in the sealed battery is capable of
being extracted into said closed space.
Claim 32

A recovering apparatus according to claim 31,
wherein the closed space is egstablished after the intermal
pressure of the vessel (i-b) is decreased to be lower than
the atmospheric pressure by means of an exhausting means.
Claim 33

A recovering apparatus according to claim 31, wherein
after the closed space is formed, the internal pressure of
the closed space is decreased to be lower than that of the
sealed battery by means of an exhausting means connected
to the vessel (i~-b).
Claim 34

A recovering apparatus for recovering the
constituent components of a sealed battery comprising at
least an a cathocde, an anode, and an electrolyte housed in
a battery housing, said electrolyte being arranged

between sald cathode and said anode, said electrolyte
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A recovering apparatus according to claim?28, 36,
seal ed batt er yrhisShe:t Nisaieal Repieteal hydri de battery in

oxi dati on-reduc of hydrogen ion is use
alloy is used a erlal Claim49 A reco
according to clarm 37, whereigr ihe seale

ni ckel -cadm um battery cI al m 50 A recovering appar

28, 36, or 37, wherein the sealed battery is a | ead-

RERLACEMRNTE SHEE 4
I ch
d ang fa Hydfugen
ver i ng appar at at us
g yisTa

(n

t or age

tus accordinag.toJiclaim
acid battery.

comprising an electrolyte solution, 3aid apparatus
comprising at least a cooling means for cooling said
sealed battery tco a temperature which is lower than the
freeazing point of the solvent of the electrolyte solution
contained in the sealed battery and an opening means for
opening the battery housing of the gsealed battery.
Claim 35

A recovering apparatus for recovering the
constituent components of a- sealed battery comprising at
least an a cathode, an anode, and an electrolyte housed in
& battery housing, said electrolyte being arranged
between sald cathode and said anode, said electrolyte
comprising a polymer so0lid electrolyte sclidified by a
polymer, said apparatus comprising at least a cooling means
for cooling said sealed battery to a temperature which
is lower tharn the glass transition temperature of the
polymer of the polymer solid electrolyte contained in the
sealed battery and an opening means for opening the battery
housing of the sealed battery.
Claim 36

A recovering apparatus for recovering the
constituent components of a sealed battery comprising at
least an a cathode, an anode, and an electrolyte housed in
a battery housing, said electrolyte being arranged
between said cathode and said anode, said electrolyte
comprising an electrolyte solution, sald apparatus

comprising at least a cooling means for cooling the sealed

battery by using a compressed incombustible gas
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Clai m 51 A recovering apparatus according tﬁE@ILACEMENT\A@Hé
I ncl udes a rreansthxmheertﬁadBeleer fcdieacti ng agent w th rarr-actrve—tt++t

contained in the I
l[ithiumafter the
appar at us
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accor di ng

urt her
m
active

comprising one or more kinds of gas selected f£rom the group
consisting of nitrogen gas, argon gas, helium gas, carbon
dioxide gas and fluorocarbon gas, and an opening means for
opening the battery housing of the sealed battery.
Claim 37

A recovering apparatus for <recovering the
constituent components of a sealed battery comprising at
least an a cathode, an ancde, and an electrolyte housed in
a battery housing, said electrolyte being axranged
between said cathode and said anode, saild electrolyte
comprising an electrolyte solution, said apparatus
comprising at least a cooling means for cooling the sealed
battery by using a cooling agent or liquefied gas, and an
opening means for opening the battery housing of the sealed
battexy.
Claim 38

A recovering apparatus according to claim 37,
wherein the cooling agent is a mixture of a dry ice and
methanol or a mixture of a dry ice and ethanol.
Claim 33

A recovering apparatus according to claim 37,
wherein the liquefied gas is liquid nitrogen.
Claim 40

A recovering apparatus for 1recovering the
constituent components of a sealed battery comprising at
least an a cathode, an ancde, and an electrolyte housed in
a battery housing, said electrolyte being arranged

between said cathode and said anode, said electrolyte
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wherein the reacting agent conprises one or nore rﬁl}q_rﬂ@!\&hﬁel&({iéd from
t he g L kROgcQf water, alcohols, acids, ang—carbomdioxi A
recov esoehe %Caccordl ng to claim28, 36, of 37 Whi G tfl,gﬁtker
corrprlj E Mﬁ%@”ﬂ washi ng using an organi c sof vie “after seal ed
batter recovering appar aguas accor ing,.atxoﬂc,l_ax-m-é-e- wherein
the organic solvent is an organic sol vent |ncapab_e of prodUC|ng arn

azeotrope with water. C aim55 A recovering appar:

whi ch furt hesmpPIBIh§es ad MART hY1LFRCOVAS 1B drhe CoASE t UpBhratus

comprising at least a cooling means for immersing the
sealed battery in water and freezing the sealed battery
together with said water to seal the battery in an ice
produced, and an opening means for opening the battery
housing of the battery sealed in the ice.
Claim 41

A  recogvering apparatus for recovering the
constituent components of a sealed battery comprising at
least an a cathode, an anode, and an electrolyte housed in
a battery housing, said electrolyte being arranged
between said cathode and said anode, said electrolyte
comprising an electrolyte solution, said apparatus
compri=zing at leasta means for decreasing the conductance
between said cathode and said anode of sald sealed
battery, and an opening means for opening said battery
housing of said sealed battery, said opening neans
including a means capable of making the atmosphere in
which to open the sealed battery is conducted by means of
the opening means to be an incombustible atmosphere.
Claim 42

A recovering apparatus according to claim 41,
wherein the incombustible atmosphere is composed of one or
more kinds of gas selected from the group consisting of
nitrogen gas, argon gas., helium gas, carbon dioxide gas,
steam, and fluorocarbon gas.
Claim 43

A recovering apparatus according to claim 42,
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battery conponents after washing the opened bat {jdy R

sol vent . Clai m 58, Axl.8GRYBdeh Replagpar at us accor di ng ‘
whi ch further co for sorting the sealfe

t he shape or theﬁmmﬂgﬁﬂ‘ﬁm ;
t he cat hode and t

- 90 - decreasingj
sal d seal.eg-battery.
wherein the means for decreasing the conductance

between the cathode and the anode of the sealed battery
comprises a cooling means to cool the sealed battery,
to cool the sealed battery by the cooling means is
conducted in an incombustible atmosphere composed of
the same gas as that used 1in opening the battery housing
of the sealed battery by the opening means.
Claim 44

A recovering apparatus for recovering the
constituent components of a sealed battery comprising at
least an a cathode, an anode, and an electrolyte housed in
2 batiery housing, said electrolyte being arranged
between said cathode and said anode, said electrolyte
comprising an electreolyte solution, said apparatus
comprising at least a means for decreasing the
conductance between said cathode and said anode of said
sealed Dbattery., and an opening means for opening said
battery housing of said sealed battery, said opening
means including a high pressure water cutting means
comprising a jet nozzle and which is a cutting means
for spraying a high pressure water containing an abrasive

through the jet nozzle.
Claim 45

A recovering apparatus for recovering the
constituent components of a sealed battery comprising at
least an a cathode, an anode, and an electrolyte housed in
a battery housing, said electrolyte being arranged
between said cathode and said anode, said electrolyte

This is the replacement sheet
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-Clainp 57 A recovering apparatus according to ¢ EEF@%MB!W
furthehmsmﬁphssaﬁ weeans for discharging the el ekt

57, mher

whi ch
agaci ty of
gr % tke cat hode
u t claim
ans-.f.ar recov*ring an

ior to decreasing the conduc
battery. A recovering appar
chargi ng neans iJgl.udes a

ener gy dlscharged. Cla|n159 A recovering apparatus according to cl aim43
which further conprises a nmeans for recovering +-he-d

comprising an electrolyte solution, said apparatus
comprising at least a means for decreasing the
conductance between said cathode and said anode of said
sealed Dbattery, and an opening means for opening said
battery housing of said sealed battery, said opening
means including a laser beam cutting means.
Clalim 46

A recovering apparatus for recovering the
constituent components of a sealed lithium battery
comprising at least an a cathode, an anode, and an
electrolyte housed in a battery housing, said electrolyte
being arranged between said cathode and said anode, said
electrolyte comprising an electrolyte solution, said
apparatus comprising at least a means for decreasing the
conductance between said cathode and said anode of said
sealed lithium battery, and an opening means for opening
said battery housing of said sealed lithium battery.
Claim 47

A recovering apparatus for recovering  the
constituent components of a sealed nickel-metal hydride
battery comprising at least an a cathode, an anode, and an
electrolyte housed in a battery housing, said electrolyte
being arranged between said cathode and said anode, said
electrolyte comprising an electrolyte solution., said
apparatus comprising at least a means for decreasing the
conductance between said cathode and said anode of said
sealed nickel-metal hydride battery. and an opening means

for opening said battery housing of said sealed nickel-
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i nconbusti bl e gas, .of the of ﬁéme@t nosphere and purifying the i nconbustible

gas recovered to'r g 60 A recovering apparatus.according to
cl ai m 38 which fudm EH IH%
cooling the seale

a means for recovﬁfpﬂmmﬁpf&{{{ﬁ din
[ e£0 et
-91 - conprising an electrolyte solwgion, saif aﬁ’%ars?si“?gas

6
urifying the gas ov-ered—+e—r-eqydl e.

metal hydride battery.
Claim 48

A recovering apparatus for ©recovering the

constituent components of a sealed nickel-cadmium battery
comprising at least an a cathode, an anode, and an
electrolyte housad in a battery housing, said electrolyte
being arranged between said cathode and said anode, sald
electrolyte comprising an electrolyte solution, said
apparatus comprising at least a means for decreasing the
conductance between said cathode and said anode of said
sealed nickel-cadmium battery, and an opening means for
cpening said battery housing of said sealed nickel-cadmium
battery.
Claim 49

A recovering apparatus for Trecovering the
constituent components of a sealed lead-acid battery
comprising at least an a cathode, an anode, and an
electrolyte housed in a battery housing, said electrolyte
being arranged between said cathode and said anode, said
electrolyte comprising an electrolyte solution, said
apparatus comprising at least a means for decreasing the
conductance between said cathode and said anode of said
sealed lead-acid battery, and an opening means for opening
said battery housing of said sealed lead-acid battery.
Claim 50

A recovering apparatus according to claim 46 which
further includes a means for reacting a reacting agent

with an active lithium contained in the lithium battery to
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conpri sing

appa

battery conprising at | east an a cathode, an anode, iand an_electrol vt

housed in a battery housing, said electrolyte being arranged between said

for attery housing of said seal ed battlerjy,i Lsaf @ 1%3Peni 1
maang!lmg gim' H | aser beam cutting neans. Claim48 A recovering

[T Ao, iy e - e

at least a nmeans for decreasing thﬁg‘*?(iﬁwmféﬁr% 45“

covering the constitegent conponernts of a séared 1

éﬁween
saihissalhedBeand,3Qid anode of said sealed battery, jand an openi ng feans

cat hode and deairdameodthe TRiabtalveldy Afyteaid aiprive g tialune | eftaw| shee

sol uti on,

sai d

lithium battery is opened.
Claim 31

A recovering apparatus according to claim 50,
wherein the reacting agent comprises one or more materials
selected from the group consisting of water, alcohols, acids,
and carbon dioxide.
Claim 52

A recovering apparatus for <recovering the
constituent components of a sealed battery comprising at
least an a cathode, an anode, and an electrolyte housed in
a battery housing, =aid electrolyte being arranged
between said cathode and said anode, said electrolyte
comprising an electrolyte solution, said apparatus
comprising at least a means for decreasing the
condnctance between said cathode and said anode of said
sealed battery, an opening means for cpening said battery
housing of said sealed battery, and a washilng means for
washing the battery opened by said opening means with the
use of an organic solvent.
Claim 53

A recovering apparatus according to claim 52,
wherein the organic solvent is an organic solvent incapable
of producing an azeotrope with water.
Claim 54

A recovering apparatus according te c¢laim 52 which
further includes a means for recovering the constituent

battery components after washing the opened battery with

g

hi um
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apparatus conprising at |east a neans for decreasing the conductance

bet ween sai d cat hode and said anode of said sealed |ithiThgg LRY. and an
openi ng neans for opening said battery housing of said s faced
battery. Claim47 A recovering appar at us for recové&lﬁ@i}l/m
constituent conponents of a seal ed ni ckeld--met al hydride I ng
at |l east an a cathode, an anode, and an el ectrolyte housed in a battery
housi ng, said electrolyte being arranged between said cathode and said

anode, said ehectusal yFethenpiganig svlekactrol yte solution, said apparatus
conprising at |east a neans for decreasing the

Claim 53

A recovering apparatus according to claim 26 which
further comprises a means for soxrting the sealed battery
depending on the shape or the type prior to subjecting the
sealed battery to the treatment by means of the liguid
extraction means.
Claim 56

A recovering apparatus according to claim 26 which
further comprises a means for discharging the electric
residual capacity of the sealed battery priox to
subjecting the sealed battery to the treatment by means of
the liquid extraction means.
Claim 37

A recovering apparatus according to claim 56,
wherein the discharging means includes a means reccvering
an energy discharged.
Claim 58

A recovering apparatus according to claim 36 or 42
which further comprises a means for recovering the gas

used and purifying the recovered gas to recycle.
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conduct ance between said cathode and said anode of said seal ed nickel -net al
hydri de battery, and an opening neans for opening said battery housing of
sai d seal ed ni ckel - -92- netal hydride battery. Claim48 A recovering
apparatus for recovering t he constituent conmponents of a seal ed

ni ckel -cadm um battery conprising at |-@8st an a cathode, an anode, and an

ABSTRACT

PROCESS AND APPARATUS FOR RECOVERING COMPONENTS
OF SEALED TYPE BATTERY

A recovering process for recovering the constituent
components of a sealed type batter comprising at least an a
cathode, an anode and an electrolyte sealed in a battery
housing, characterized in that said process includes a step
(a) of decreasing the ionic conductivity between said
cathode and anode of said sealed type battery and a step
{b) of opening said battery housing of the sealed type
battery after conducting said step (a). An apparatus

suitable for practicing said recovering process.
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el ectrolyte housed in a battery housing, said electroly, % bggg,g a??ranged
bet ween sai d cat hode and said anode, said electrolyte c ﬁpl’l sing an

el ectrolyte solution, said apparatus conprising at |eastZ@$eans for
decreasi ng the conductance between said cathode and sai d anode of said

seal ed nickel-cadm um battery, and an opEhi ng neans for opening said
battery housing of said seal ed nickel-cadm umbattery. A recovering

apparatus for recovering the constituent conmponents of a seal ed

| ead- aci d béthaeisclgiomdrissi ng at | east an a cathode, an anode, and an
el ectrolyte housed in a battery housing, said electrolyte

Claim 1

A recovering process for Trecovering the
constituent components of a sealed battery comprising at
least a cathode, an anode and an electrolyte sealed
in a battery housing, saidelectrolyte beingpositioned
between said cathode and said anode and saild
electrolyte comprising an electrolyte solution which
comprises a solvent, characterized in that saild process
includes a step (a) of transporting said electrolyte
solution or the solvent of said electrolyte solution”
from the inside of said battery housing to the outside
of said battexry housing +to decrease the conductance
between said cathode and sald anode of sald sealed
battery and a step (b) of opening said Dbattery
housing of the sealed battexry after conducting said
step (a).
Claim 2

A recovering process according to cl;aim 1, wherein
the sealed battery has a safety vent. and a differential

pressure between the inside and the outside of the

battery housing actuates said safety wvent to extract
the electrolyte solution or  the solvent of the
electrolyte solution through said safety vent to the
outside of the battexry housing.
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bei ng arranged between sai d cathode and said anode, said electrolyte
conprising an electrolyte solution, said apparatus conprising at |east a
means for decreasing the conductance between said cathode and sai d anode of
said seal ed | ead-acid battery, and an openi ng neans for opening said
battery housing of said sealed |ead-acidfgattery. Caimb50 A recovering
apparatus according to claim46 which further includes a neans for reacting
a reacting agent with an active lithiumcontained in the lithiumbattery to

“1aim 3

A recovering process according to claim 2, wherein
a portion of the sealed battery where the safety vent is
provided is positioned to face in a downward direction and
the electrolyte solution or the solvent of the electrolyte
solution is extracted through the safety wvent to the
outside of the battery housing.
Claim 4

A recovering process according to claim 1, wherein-
the electrolyte solution or the solvent of the electrolyte

solution extracted to the cutside of +the battery housing

is recovered.
Claim 5

A recovering process for recovering the
constituent components of a sealed battery comprising at
least a2 cathode, an anode and an electrelyte comprising
an electrolyte sealed in a battery housing, said
electrolyte being positioned said cathode and said
anode and said electrolyte comprising an electrolyte
solution which comprises a solvent, characterized in that
sald process includes a step (a) cooling said sealed
battery to a temperature lower than the freezing point of

the solvent of said electrolyte solution to decrease the

conductance between said cathode and said anode and a
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93 decrease the reactivity of said active lithiumafter the lithiumbattery
I's opened. Caimb51 A recovering apparatus according to claim 50, wherein
the reacting agent conprises one or nore naterials selected fromthe group
consi sting of water, alcohols, acids, and carbon dioxide. A recovering

apparatus for recovering the constitugnt conponents of a sealed battery
conprising at |east an a cathode, an anode, and an el ectrolyte housed in
step (b) of opening said battery housing of the sealed
battery after conducting said step (a).
Claim_§

A recovering process for Trecovering the
constituent components of a sealed battery comprising at
least a cathode., an anode and a polymerx solid
electrolyte solidified using a solidifying polymer
sealed in a Dbattery housing, said polymer solid
electrolyte being positioned between said cathode and
said anode, characterized in that said process includes a
step (a) of cooling said sealed battery to a'temperature-
ilower than the glass transition temperature of said
solidifying polymer of said polymer solid electrolyte to
decrease the conductance between said cathode and said
anode and a step (b) of opening said battery housing of
the sealed battery after conducting said step (a).
Claim 7

A recovering process according to claim 5 or 6,
wherein the sealed battery is cooled with a compressed
inconbustible gas comprising one or more gases selected
from the group consisting of nitrogen gas, argon gas, helium
gas, carbon dioxide gas and fluorocarbon gas.

Claim 8

A recovering process according to claim 5 or 6,
wherein the sealed battery is cooled by immersing the
sealed battery in a cooling agent.

Claim 9
A recovering process according to claim 8, wherein

Top ety e Tix o SLAE
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a battery housing, said electrolyte bei ng arranged between sai d cat hode
and said anode, said electrolyte conprising an electrolyte solution,
said apparatus conpri sing at least a nmeans for decreasing the
conduct ance between sai d cat hode and said anode of said sealed battery, an

openi ng neans for opening said battery hoggi.ng of said sealed battery, and
a washi ng neans for washing the battery opened by said opening neans with
the use of an organic solvent. Claim53 A recovering apparatus according
to claim 52, wherejn the organic solvent is an_organic solvent incapable

the cooling agent 1is a mixture of a dry ice and methanol

or a mixture of a dry ice and ethanol.

Claim 10

A recovering process according to claim 5 or 6,

wherein the sealed battery is immersed in water, the

sealed type battery is frozen together with said water to

seal the sealed battery in the ice produced and the sealed

battery is opened while the sealed battery is sealed in

the ice.
Claim 11
A recovering process according to claim 1, wherein

the step (b) is conducted in an incombustible

atmosphere,
Claim 12

A recovering process according to claim 11, wherein
the incombustible atmosphere comprises a gas selected
from the group consisting of nitrogen gas, argon gas,

helium gas, carbon dioxide gas, steam and £luorocarbon

gas.
Claim 13
A recovering process according to claim 7, wherein

the step (b) is conducted in an incombustible atmosphere

composed of the same gas as that used in cocling the

sealed battery.
Llaim 14

A recovering process according to claim 1, wherein
the step (b) 1is conducted with a3 cutting method

selected from the group consisting of high pressure water
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of producing an azeotrope with water. C ains 5A A recovering apparatus
according to claim52 which further includes a neans for recovering the

constituent battery conmponents after washing the opened battery with This
is the replacenent sheet -94 - the use of the organic solvent. A
recovering apparatus according to clai mag which

cutting, laser beam cutting and mechanical cutting.
Claim 15

A recovering process according to claim 14, wherein
the high pressure water cutting comprises spraying

water containing an abrasive at high pressure through a

Jet nozzle.
Claim 16

A recovering process according to c¢laim 1, 5 or
6, wherein the sealed battery is a lithium battery in
which oxidation-reduction reaction of lithium ion is used.
Claim 17

A recovering process according to claim 1, 5 ox 6,
wherein the sealed battery is a nickel-metal hydride
battery in which oxidation-reduction reaction of hydrogen

ion is used and a hydrogen storage alloy 1s used as an anode

material.
Claim 13

& recovering process according to claim 1, 5 or 6,
wherein the sealed battery is a pickel-cadmium battery.
Claim 19

A recovering process according to c¢laim 1, 5 or 6,
wherein the sealed battery is a lead acid battexy.
Claim 20

A recovering process according to claim 16 which
further includes a step of reacting a reacting agent with
an active lithium contained in the lithium battery to
decrease the reactivity of said active lithium after the

step (b}.
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further conprises a neans for sorting the sealed battery dependi ng on the
shape or the type prior to subjecting the sealed battery to the treatnent
by neans of the liquid extraction nmeans. A recovering apparatus according
to claim26 which further conprises a neans for discharging the electric
residual capacity of the sealed battegy prior to subjecting the
seal ed battery to the treatnent by neans of the liquid extraction neans.
claim57 A recovering apparatus according to claim 56, wherein the
discharging]neaniIincludes a means recovering
A recovering process according to claim 20,

wherain the reacting agent comprises one ormore materials

selected from the group consisting of watexr, alcochols,

acids, and carbon dioxide.

Claim 22

A recovering process according to claim 20 which
further includes a step of washing the opened lithium
battery using an organic solvent after the step (b}.
Claim 23

A recovering process according to claim 22, wherein_
the organic solvent is an organic solvent incapable of
producing an azeotrope with water.

Claim 24

2 recovering process according to claim 22 which
further includes a step of dissociating the sealed
battery into individual battery components and recovexring
the constituent components of the sealed battery after
the washing step using the organic solvent.

Claim 25

A recovering process according to claim 1, 5 or 6,
wherein the sealed battery is sorted depending on the
shape or the type prior to the step (a).

Claim 26

A recovering process according to claim 1, 5 or &
which further includes a step of discharging the residual
electric capacity of the sealed battery prior to

conducting the step (a).
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an energy discharged. A recovering apparatus according to claim36 or 42

whi ch further conprises a neans for recovering the gas used and purifying
the recovered gas to recycle.

-83.

Claim 27

A recovering process according to c¢laim 26,
wherein in the step of discharging the residual electric
capacity. an energy discharged is recovered.
Claim 28

A recovering apparatus for recovering the
constituent components of a sealed battery comprising at
least a cathode, an anode and an electrolyte housed in a
battery housing, said electrolyte being positioned
between said cathode and said anode and said
electrolyte comprising an electrolyte solution which
comprises a solvent, said apparatus comprising at least
a means (1) for decreasing the conductance between sald
cathode and said anode of said sealed battery and a means
(i1} for opening said battery housing, said means (i)
comprising =a liquid extraction means {i-a) for extracting
said electrolyte soclution or the solvent of said
electrolyte solution ocutside said battery housing.
Claim 29

A recovering apparatus according to claim 28,
wherein the gealed battery has a capping provided with a
safety vent, and the liquid extraction means {i-a) includes
a means {(i-b} for causing a differential pressure between
the ingide and the outside of the battery housing
through said safety vent to actuate said safety vent, to
extract the electrolyte solution or the solvent of the

electrolyte solution to the outside of the battery
housing.
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Claim 30
A recovering apparatus according to claim 29,
wherein the means (i-b) comprises at least a vessel (i-c)

capable of being evacuated and which is provided with an

exhausting means.
Claim 31

A recovering apparatus according  to claim 30,
wherein the vessel (i-c) has a member capable of tightly
contacting or joining with an exterior wall face portion
of the battery housing of the sealed battery, said
exterior wall face portion comprising a portion of the )
capping, said portion including the neighborhood of the
safety vent, and said member having zn opening through
which said exterior wall face portion is communicated with
the vessel (i-c) so that the electrolyte solution or the
solvent thereof in the sealed battery can be extracted
through said member into the vessel {(i-c).

Claim 32

A recoveaering apparatus accoxrding to claim 30,
wherein a passage capable of introducing air, nitrogen gas
or inert gas is provided at the vessel (i-c) through a valve.
Claim 33

A recovering apparatus according to claim 29,
wherein a closed space comprising at least a part of an
exterior wall face of the battery housing including the
neighborhood of the safety vent and the vessel (i-c) is
formed such that the safety vent is situated within said

closed space and the internal pressure of said closed space
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can be decreased to be lower than the pressure inside
the sealed battery, wherein the electrolyte solution or the

solvent thereof in the sealed battery can be extracted

into said closed space.
Claim 34

A recovering apparatus according to claim 33,
wherein the closed space is established aftexr the
internal pressure of the vessel {(i-c) is decreased to be

lower than the atmospheric pressure by means of an exhausting

means.
Claim 35

A recovering apparatus accoxrding to claim 33,
wherein after the closed space is formed, the internal
prassure of the closed space is decreased to be lower than

that of the sealed battery by means of an exhausting
means connected to the vessel (i-c).

Claim 36

A recovering apparatus for recovering the
constituent components of a2 sealed battery comprising at
least a cathode, an anode and an electrolyte comprising an
electrolyte solution housed in a battery housing, said
electrolyte being positioned between said cathode and
sald anode and said electrolyte comprising an electrolyte
solution which comprises a solvent, said apparatus
comprising at least a means (i) for decreasing the
conductance between said cathode and said anode of said
sealed battery and a means (ii) for opening said battery
housing, said means (i) comprising a cooling means (i-
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d) for cooling sajid sealed battery to a temperature lower

than the freezing point of the solvent of said electrolyte

solution.
Claim 37

A recovering apparatus for recovering the
constituent components of a sealed batter comprising at
least a cathode, an anode and an electrolyte comprising a
polymer solid electrolyte solidified by a scolidifying
polymer housed in a battery housing, said electrolyte being
positioned between salid cathode and said ancde, said
apparatus comprising at least a means (i) for decreasing-
the conductance between said cathode and said anode
of said sealed battery and a means (ii) for opening said
battery housing, said means (i) comprising a cooling means
(1-d) for cooling said sealed battery to a tempexrature
lower than the glass transition +temperature of said
polymer of said polymer solid electrolyte.
Claim 38

A recovering apparatus according to claim 36 or 37,
wherein a compressed incombustible gas comprising one or
more gases selected from the group consisting of nitrogen
gas, argon gas, helium gas, carbon dioxide gas, and
fluorocarbon gas is used in the cooling means (i-4d).
Claim 39

A recovering apparatus according to claim 36 or 37,

wherein a cooling agent is used in the cooling means (i-
d).
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Claim 40

A recovering apparatus according to claim 39, wherein
the cooling agent is a mixture of a dry ice and methanol
or a mixture of a dry ice and ethanol.
Claim 41

A recovering apparatus according to claim 36 or 37,
wherein the cooling means (i-d) is for immersing the sealed
battery in water and freezing the sealed battery together
with said water to seal the sealed battery in the ice
produced, and the opening means {(i1i) is for opening the
sealed battery sealed in the ice.
Claim 42

A recovering apparatus according to claim 28, 36,
oxr 37, wherein the opening means (ii) includes a means 1o
open the sealed battery in an incombustible atmosphere.
Claim 43

A recovering apparatus according to claim 42,
wherein the Incombustible atmosphere comprises one or more
gases selected from the group consisting of nitrogen gas,

argon gas, helium gas, carbon dioxide gas, steam, and

fluorccarbon gas.
Clalm_44

A recovering apparatus according to claim 38,
wherein the sealed battery is opened by means of the
opening means (ii) in an incombustible atmosphere composed

of the same gas as that used in cooling the sealed battery

by means of the cooling means (i-d4).
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Claim 45

A recovering apparatus according to claim 28,
36, or 37, wherein the opening means {ii) comprises a cutting
means selected from the group consisting of high pressure
water cutting, laser beam cutting and mechanical cutting.
Claim 46

A recovering apparatus according to claim 45,
wherein the high pressure water cutting means comprises a
jet nozzle for spraying water containing an abrasive at
high pressure through the jet nozzle.
Claim 47

A recovering apparatus according to claim 28, 36,
or 37, wherein the sealed battery is a lithium battery

in which oxidation~reduction reaction of lithium ion is

used.
Claim 48

A recovering apparatus according to claim 28, 36,
or 37, wherein the sealed battery is a nickel-metal hydride
battery in which oxidation-reduction reaction of hydrogen

ion is used and a hydrogen storage alloy is used as an anode

material.
Claim 49

A recovering apparatus according to claim 28, 36,
or 37, wherein the sealed battery is a nickel-cadmium
battery.
Claim 50

A recovering apparatus according to claim 28, 36,

ox 37, wherein the sealed battery is a lead-acid battery.
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Claim 51

A recovering apparatus according to claim 47 which
further includes a means for reacting a reacting agent
with an active lithium contained in the lithium battery to
decrease the reactivity of said active lithium after the
1ithium battery is opened.
Cladm 52

A recovering apparatus according to claim 51.
wherein the reacting agent comprises one or more materials
selected from the group consisting of water, alcohols,
acids, and carbon dioxide.

Clainm 53

A recovering apparatus according to claim 28, 36,
or 37 which further comprises a means for washing using an

organic solvent after the sealed battery is copened.
Claim 354

A recovering apparatus according to claim 53,
wherein the organic solvent is an organic solvent incapable
of producing an azeotrope with water.
Claim 55

A recovering apparatus according to claim 53 which
further comprises a means for recovering the constituent
battery components after washing the opened battery
using the organic solvent.

Claim 56

A recovering apparatus according to claim 28, 36,
or 37 which further comprises a means for sorting the

sealed battery depending on the shape or the type prior to
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decreasing the conductance between the cathode and the
anode of said sealed battery.
Claim 57

A recovering apparatus according to claim -28, 36,
or 37 which further comprises a means for discharging the
electric residual capacity of the sealed battery prior to

decreasing the conductance between the cathode and the

anode of said battery.

Claim 58

A recovering apparatus according to claim 57,

wherein the discharging means includes a means for

recovering an energy discharged.
Claim 59

A recovering apparatus according to claim 43 which
further comprises a means for recovering the
incombustible gas of the opening atmosphere and purifying

the incombustible gas recovered to recycle.

Claim 60
A recovering apparatus according to claim 38 which
further comprises a means for recovering the gas used in

cooling the sealed battery and purifying the gas recovered

to recycle.
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ABSTRACT

PROCESS AND APPARATUS FOR RECOVERING COMPONENTS
OF SEALED TYPE BATTERY

A recovering process for recovering the constituent
components of a sealed type batter comprising at least an a
cathode, an anode and an electrolyte sealed in a battery
housing, characterized in that said process includes a step
(a) of decreasing the ionic conductivity between said
cathode and anode of said sealed type battery and a step
(b) of opening said battery housing of the sealed type
battery after conducting said step (a). An apparatus

suitable for practicing said recovering process.
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