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(57) ABSTRACT

A process comprises a separating process to mechanically
separate refuse secondary batteries and to separate them into
a separated cathode material and a separated anode material,
and a process to recover valent metals from the separated

anode and the separated cathode material separated 1n the
separating process 15 disclosed.
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FIG. 1
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7
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FIG. 8
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FIG. 9
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FI1G. 10
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PROCESS AND SYSTEM FOR RECOVERING
VALENT METALS FROM REFUSE SECONDARY
BATTERIES

FIELD OF INVENTION

[0001] The present invention is related to a process for
recovering valent metals from refuse secondary batteries,
and more specifically to a process and a system for recov-
ering valent metals 1n a state of high purity from refuse
secondary batteries, which are safe, simple, and economi-
cally-advantageous.

BACKGROUND ART

[10002] In the past, for secondary batteries used for electric
cars, lithium 10n secondary battery, nickel-hydrogen second-
ary battery, nickel-cadmium secondary battery, lead storage
cell and the like have been recommended. However, lithium
ion secondary battery and nickel-hydrogen battery are con-
sidered as promising ones 1n view ol high power density,
long durability and high energy density particularly when
required for electric cars.

[0003] When using these batteries, great amount of refuse
secondary batteries, which contain great amount of valent
metals, such as hydrogen-occluded alloy (cathode active
substance), nickel and cadmium, are resulted, thus requiring
recycling process to recover these valent metals from such
refuse secondary batteries (dead batteries).

[0004] As the recycling process for the refuse secondary
batteries, an example 1s disclosed in Japanese laid-open
patent publication No. 9-117748, Japanese laid-open patent
publication No. 9-117749, etc. The recycling process dis-
closed 1n those gazettes mentioned above 1s to recover
various parts including plastics, metallic materials and cath-
ode plates by breaking down the refuse secondary batteries
mechanically and separating them.

[0005] Whereas, a process for separating and recovering
anode materials and cathode materials from secondary bat-
teries 1s disclosed 1n Japanese laid-open patent publications
Nos. 10-189063, 10-211446, 10-211447/, etc. This process 1s
to subject anode powder material and cathode powder
material obtained by separation of electrode materials,
which are obtained by means of breaking down, cutting and
by-wind-separation of refuse nickel-hydrogen secondary
batteries, to laminar flow separation process by means of wet
thin flow separation method. However, this recovering pro-
cess 1mvolves complex process to break down and cut
batteries, and the purity and recovery rate of valent metals
finally obtainable are not suflicient.

[0006] In addition, in those disclosures, there is no dis-
closure on a definite process for recovering valent metal,
such as nickel, from the cathode material.

[0007] Furthermore, when hydrogen-occluded alloy is
used as a cathode active substance, though valent metals,
such as nickel and cobalt, can be obtainable 1n high purity
and high recovery rate from the separated cathode materials
to a certain extent, whereas mesh metals (Mm), which is an
alloy made of cerium, lanthanum and other rare earth
clements or the like, cannot be obtainable 1n high purity and
in high recovery rate.

|0008] Further, as a process to recover valent metals, such
as nickel and cobalt, from refuse nickel-hydrogen secondary
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batteries, a process to recover Ni(-Co) metal by breaking
down, crushing and sieving refuse nickel-hydrogen second-
ary batteries, separating the resulting product into crude
plastic, iron, spumous nickel and fine particles part (nickel
hydroxide, hydrogen-occluded alloy), separating nickel
solution containing cobalt and complex sulfate of rare earth
clements by dissolving the fine particles part 1n sulfuric acid
containing alkali metals, removing impuritics from the
nickel solution containing cobalt, and subjecting the nickel

solution to electrolysis. (See Japanese laid-open patent pub-
lication No. 9-082371).

[0009] However, in the process hereinabove, a process to
recover valent metals from refuse nickel-hydrogen second-
ary batteries 1s too complicate to apply for practical opera-
tion, therefore more simple process for recovering valent
metals has been desired.

[0010] Thus, it is an object of the present invention to
provide a safe, simple and economically-advantageous pro-
cess to recover valent metals from refuse secondary batteries
in high purity and in high recovery rate.

DISCLOSURE OF THE INVENTION

[0011] The first invention of the present invention is a
process for recovering valent metals from secondary batter-
ies, which 1s characterized in that the process 1s constituted
by a separation process to mechanically separate refuse
secondary batteries to obtain separated cathode material and
separated anode material and a recovering process to recover
valent metals from the separated cathode material and the
separated anode material.

[0012] The second invention of the present invention is a
recovering system for recovering valent metals from refuse
secondary batteries, which 1s characterized 1n that the system
1s composed of a separating means to mechanically separate
the refuse secondary batteries to obtain separated cathode
material and separated anode material and a recovering
means to recover valent metals from the separated cathode
material and the separated anode material.

[0013] Inthe first invention, the separating process may be
constituted by a cooling process to refrigerate the refuse
secondary batteries with liquid nitrogen and a crushing
process to crush the refrigerated secondary batteries, thereby
recovering valent metals from the crushed product.

[0014] Alternatively, the first invention may be constituted
by mcluding a water rinsing process to rinse the crushed
product obtained 1n the crushing process described above
and a first sieving process to sieve the rinsed product.

[0015] Moreover, a second sieving process to further sieve
a component sieved down 1n the first sieving process, a
second crushing process to crush the component remained
over a sieve 1n the first sieving process and a third sieving
process to sieve the crushed product 1n the second crushing
process may be included 1n the recovering process speciiied
in the first invention described above.

[0016] Whereas, the sieved-down component obtained in
the second sieving process may be mainly consisted of the
separated cathode material.

[0017] Whereas, the separated cathode material described
above may be mainly consisted of a hydrogen-occluded
alloy.



US 2002/0124691 Al

[0018] Whereas, the recovering process specified in the
first invention of the present mvention may include a rub-
bing process to rub a mixture of a component remained over
a sieve 1n the second sieving process and a component
sieved down 1n the third sieving process, and a wet magnetic
separation process to magnetically separate the crushed-
product after subjected 1t to the rubbing process under wet
condition.

[0019] Further, the component remained over a sieve in
the third sieving process may be mainly consisted of 1ron
scrap, and, in the wet magnetic separation process, the
magnetic material may be a component mainly consisted of
spumous nickel, and the non-magnetic material may be a
component mainly consisted of nickel hydroxide.

[0020] In the second invention of the present invention,
the separating means may include a cooling means to
refrigerate refuse secondary batteries with liquid nitrogen
and a crushing means to crush refrigerated-refuse secondary
batteries, thereby recovering valent metals from the crushed
product.

10021] In the first invention, the recovering process may
include a fusing process to fuse the cathode material sepa-
rated 1n the separating process described above after adding
calcium, thereby recovering valent metals.

[0022] The amount of the calcium to be added may be in
a range of from 1 to 50 parts by weight based on 100 parts
by weight of the cathode material.

[0023] The addition of the calcium may be done after the
melting of the separated cathode material.

10024] Whereas, the fusing process described above may
be carried out by adding nickel as a starter metal 1nto the
cathode material.

[0025] Whereas, the fusing process may be carried out
under an atmosphere of an inactive gas.

[0026] Whereas, the separated cathode material may be
one prepared by crushing and separating the refuse second-
ary batteries after refrigerating them with liquid nitrogen
during the mechanical separation process.

0027] In the second invention of the present invention,
the recovering system may include a fusing means to fuse
the cathode material separated by the separating means
described above after adding calcium, thereby recovering
valent metals.

[0028] Whereas, in the first invention, the recovering
process may 1nclude a oxidation process to oxidize the
cathode material separated 1n the separating process
described above at a low temperature.

0029] And, the oxidation process may be carried out at a
temperature lower than 300° C. and at an oxygen concen-
tration 1n a range of from 5 to 25%.

[0030] And, in the oxidation process, nickel hydroxide
being an anode material may be added for adjusting the
oxygen concentration.

[0031] Whereas, in the mechanical separation process, the
separated cathode material may be the one prepared by
crushing and separating the refuse secondary batteries after
refrigerating them with liquid nitrogen.

Sep. 12, 2002

[0032] Whereas, in the second invention, the recovering
system may include an oxidation means to oxidize the
cathode material separated by the separating means
described above at a low temperature, thereby recovering
valent metals.

[0033] Whereas, in the first invention, the recovering
process may include a rare earth element removing process
to remove rare carth elements by adding an acid in an
amount of 0.1-2.5 times equivalent mto a solution of rare
carth elements based on the cathode material separated
according to the separating process described above, a
drying process to dry the cathode material obtained after
removing the rare earth elements and a fusing process to fuse
the dried cathode material and then to recover valent metals
from the resulting melt.

[0034] In addition, an oxidation process to gradually oxi-
dize the cathode material while giving bubbling of air into
the aqueous solution may be included 1n a place prior to the
drying process

[0035] Whereas, the fusing process may include a step of
adding nickel as a starter metal into the raw material for the
fusing.

[0036] Whereas, the separated cathode material may be
one prepared by crushing and separating the refuse second-
ary batteries 1 the said mechanical separation process
following to the refrigeration of such batteries with liquid
nitrogen.

[0037] Whereas, in the second invention, the recovering
system may 1nclude a rare earth elements removing process
to remove rare earth elements by adding an acid 1n an
amount of 0.1-2.5 times equivalent into a solution of rare
carth elements based on the cathode material separated
according to the separating process described above, a
drying process to dry the cathode material obtained after
removing the rare earth elements therefrom, and a fusing
process to fuse the dried cathode material and then to
recover valent metals from the resulting melt.

[0038] In the first invention, the recovering process may
include a reduction fusing process to fuse under reduced
condition the cathode material separated 1n the separation
process described above after adding either carbon or plastic
and a carbon-removing process to remove carbon contained
in the valent metals by applying heat for causing oxidation
under an oxidation atmosphere at either prior or subsequent
step to the reduction fusing process, thereby recovering the
valent metals

[0039] And, the separated cathode material described

above may contain refuse anode material and refuse sintered
nickel.

[0040] Whereas, the carbon-removing process described

above may be constituted by including a step for an addition
of CaF.,.

[0041] Whereas, in the carbon-removing process, an 0Xi-
dizing agent, either oxygen or nickel oxide, may be used.

[0042] Whereas, the separated cathode material described
above may be one prepared by crushing and separating the
refuse secondary batteries after refrigerating them with
liquid nmitrogen during the mechanical separation process.



US 2002/0124691 Al

[0043] Whereas, in the second invention, the recovering
system may include a reduction fusing process to fuse the
cathode material separated 1n the separation process
described above under reduced condition after adding either
carbon or plastic and a carbon-removing process to remove
carbon contained 1n the valent metals by applying heat for
causing oxidation 1n an oxidation atmosphere at either prior
or subsequent process to the reduction fusing process,
thereby recovering the valent metals.

[0044] In the said first invention, the refuse secondary
batteries may be any of nickel-hydrogen secondary battery,
refuse nickel-hydrogen secondary battery and nickel-cad-
mium secondary battery.

[0045] In the said first invention, the valent metals may be
one bemg mainly consisted of hydrogen-occluded alloy,
spumous nickel, nickel hydroxide and 1ron scrap.

[0046] In the said first invention, the recovering process
for valent metals may be carried out under an atmosphere of
an 1nactive gas.

BRIEF EXPLANAITTON ON DRAWINGS

10047] FIG. 1 is a process chart for illustrating a recov-
ering process for recovering valent metals specified 1n the
first embodiment of the present mnvention.

10048] FIG. 2 is a process chart for illustrating a recov-
ering process for recovering valent metals specified 1n the
second embodiment of the present 1nvention.

10049] FIG. 3 is a process chart for illustrating a recov-
ering process for recovering valent metals specified 1n the
third embodiment of the present invention.

0050] FIG. 4 is a process chart for illustrating another
recovering process for recovering valent metals specified 1n
the third embodiment of the present invention.

0051] FIG. 5 is a process chart for illustrating a recov-
ering process for recovering valent metals specified 1n the
fourth embodiment of the present invention.

10052] FIG. 6 is a process chart for illustrating a recov-
ering process for recovering valent metals specified 1n the
fifth embodiment of the present invention.

10053] FIG. 7 is a process chart for illustrating another
recovering process for recovering valent metals specified in
the fifth embodiment of the present invention.

0054] FIG. 8 is a process chart for illustrating an other
type of the recovering process for recovering valent metals
specifled 1n the fifth embodiment of the present invention.

10055] FIG. 9 1s a process chart for illustrating one more
different type of the recovering process for recovering valent
metals specified in the fifth embodiment of the present
invention.

[0056] FIG. 10 is a process chart for illustrating further

different type of the recovering process for recovering valent
metals specified 1n the fifth embodiment of the present
invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0057] Now, the present invention is further explained
with referring the attached drawings, however, the scope of
the present 1nvention should not be construed within the
range described below.
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FIRST EMBODIMENT

|0058] Now, the first embodiment for the recovering pro-
cess of the present invention 1s explained in detail waith
referring the drawing shown below.

[0059] FIG. 1 is a process chart for showing the recov-
ering process according to the first embodiment.

[0060] In this embodiment, valent metals can be recovered
from the crushed refuse secondary batteries following to
refrigeration of the refuse secondary batteries with liquid
nitrogen and subsequent crushing thereof 1in the mechanical
separation process.

[0061] According to this embodiment, safe, simple and
economically-advantageous recovering of valent metals
from the refuse secondary batteries 1in high purity and in high
recovery rate can be achieved, since the recovering can be
made by directly refrigerating the refuse secondary batteries
at a fixed temperature and then directly crushing them,
without cutting and separating the refuse secondary batteries
into each components and cutting the each components 1n a
way being done 1n the past.

[0062] Inthe present invention, there is no limitation in the
type of said refuse secondary batteries, and any of lithium
lon batteries, nickel-hydrogen secondary batteries, nickel-
cadmium secondary batteries, etc. can be used, for example.

[0063] Particularly, refuse nickel-hydrogen batteries to be
used for the batteries for hybrid-type electric cars (H-EV),
which are expected to be produced 1 great numbers later,
are considered as the most preferable object. The same
expectation can be applied in the following embodiments.

[0064] The cathode material used for the nickel-hydrogen
batteries contains hydrogen-occluded alloy 1n powder,
nickel powder, etc. as the main components, and the anode
material thereof 1s composed of sintered nickel hydroxide as
the main component. The same can be applied m the
embodiments described 1n the following.

[0065] The recovering system of the second embodiment
to recover valent metals from the refuse secondary batteries
1s constituted by including a cooling means to refrigerate the
refuse secondary batteries with liquid nitrogen and a crush-
ing means to crush the refrigerated refuse secondary batter-
ies, thereby recovering the valent metals from the said
crushed product.

[0066] Now, the process for the recovering system for
valent metals 1s explained in the following.

[0067] As shown in FIG. 1, the valent metals can be

recovered from the refuse secondary batteries by passing the
following processes from 1 to 10 without cutting and
separating the refuse secondary batteries into the parts.

0068] (1) First Process (Refrigeration process)

0069 In the refrigerating process 101, refuse secondary
batteries are placed into a cooling container to directly make
them breakable at a low temperature.

[0070] For the refrigerating means, use of liquid nitrogen
(-196° C.) is the most preferable means, and the refuse
secondary batteries can be transiently cooled by directly
dipping them into liquid nitrogen. Cooling temperature by
using the liquid nitrogen is —200° C., and there is no limit in
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the time for the refrigeration, however, it 1s preferable to take
the cooling time more than 5 min. to make the batteries

breakable.

[0071] The use of liquid nitrogen for making the refuse
secondary batteries at a low temperature 1s for correspond-
ing to difficulty i1n the separation of each components
contained 1 a case body under pressing condition at the
subsequent crushing process and for aiming at securing
safety 1n the operation.

0072] (2) Second Process (First Crushing Process)

0073] The crushing process 102 is to crush the refuse
secondary batteries having been breakable at a low tempera-
ture by using a biaxial low speed shearing crusher.

[0074] When crushing the batteries by using the crusher, it
1s necessary to put the refuse batteries in longitudinal
direction to avoid cutting 1n the horizontal direction. This 1s
because of that the active substance 1s rolled like a scroll.

[0075] As described above, the following advantages are
given in the first process (Refrigerating process) and the
second process (First crushing process).

[10076] @ Less development of material mass are given at
crushing.

[10077] @ It 1s safe 1n view of explosion, heat generation,
etc.

[0078] @ It 1s possible to reduce load given to the crusher.

[0079] @ Less rolling into the active substance caused by
a separator can be attained.

[0080] @ Less stain due to alkaline electrolyte can be
attained.

10081 ] @ Good exfoliation property of the active sub-
stance from a substrate can be given.

0082] (3) Third Process (Second Crushing Process)

0083] The second crushing process 103 is to further crush
the refuse secondary batteries having been crushed in the
first crushing process and being 1n frozen condition by using
an uniaxial high speed shearing crusher.

[0084] This crushing is to break down materials, which are
hard to separate from the case body and the crushed product
in the first crushing process.

[0085] In this crushing, it is preferable to set the mesh size
of the crusher to more or less 1 inch, since the hydrogen-
occluded alloy may cause fire when the mesh size 1s too fine.

0086] (4) Forth Process (Water-Rinsing Process)

0087] The water-rinsing process 104 is to rinse the
crushed batteries with water by using an underwater aeration
separator to obtain a separated component.

|0088] The underwater aeration separator owns both func-
tion of mechanical stirring and aeration, 1t thereby allows to
stir the secondary crushed product 1in water to dissolve the
objective valent metals and to give washing under alkaline
condition. After this process, the separated component
aggregates around water surface by giving light aeration,
which allows to facilitate the separation by using a skinmer,
ctc.
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0089] (5) Fifth Process (First Sieving Process)

0090] The first sieving process 105 is to sieve under wet
condition powdery components mainly consisting of hydro-
ogen-occluded alloy and 1ron scrap mainly containing the

case body. The mesh of the sieve should be set 1n a range of
insomuch 1 mm +0.5.

0091] (6) Sixth Process (Second Sieving Process)

0092] The second sieving process 106 is to further sieve
the separated-down component in powder obtained 1n the
first sieving process and then to sieve it into a component
mainly consisted of hydrogen-occluded alloy as a cathode
material (Product 1) and another component part.

[0093] The hydrogen-occluded alloy is easily breakable

and has a distribution in a range of finer sizes, therefore it
can be sieved to a predetermined particle size under wet
condition. In this embodiment, although the mesh of the
sieve 1s set to msomuch 0.21 mm, 1t 1s preferable to use a
finer mesh to obtain better hydrogen-occluded alloy in
quality.

0094] (7) Seventh Process (Third Crushing Process)

0095] The third crushing process 107 is to crush the
component (mainly consisted of iron scrap) remained over
the sieve 1n the first sieving process by using a shock crusher.

[0096] This 1s because that the anode material still remains
over the sieve 1n the first sieving process 1n a state being
attaching onto the substrate of the battery. Therefore, this
third crushing process 1s aiming at exioliating the anode
material from the substrate.

[0097] (8) Eighth Process (Third Sieving Process)

[0098] The third sieving process 108 is to sieve under wet
condition the crushed product obtained in the process 7
described above to thereby obtain powder substance mainly
consisting of the anode material and 1ron scraps.

[0099] In this process, the sieving is carried out through a
sieve having a mesh being set to a size of insomuch as 1 mm,
and 1ron scrap (Product 4) mainly containing the case body
and the substrates 1s obtamned over the sieve, and the
separated anode material, whereto spumous nickel and
nickel hydroxide are attached, 1s obtained under the sieve.

0100] (9) Ninth Process (Pulverizing Process)

0101] This pulverizing process 109 is to mix the compo-
nent remained over a sieve 1n the second sieving process 106
and the component sieved down 1n the third sieving process
107, and then to subject the mixture to wet pulverization by
using a ball mill to crush the spumous nickel, which 1s a
valent metal, thereby separating the nickel hydroxide filled
therein solely.

[0102] (10) Tenth Process (Wet Magnetic Separation Pro-
cESS)

[0103] The wet magnetic separation process 110 is to
magnetically separate the spumous nickel as a strong mag-
netic element and the nickel hydroxide as a non-magnetic
compound under wet condition to obtain a component
(Product 2) mainly consisting of spumous nickel and a
component (Product 3) mainly consisting of nickel hydrox-

1de.

10104] In the recovering process according to the present
invention, the processes from 1 to 5 are the basic processes,
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and the processes from 6 to 10 can be appropriately com-
bined with the basic processes.

[0105] For example, when the third process 103 (Second
sieving process) can be carried out successfully, it is allowed
to omit the seventh process 107 (Third crushing process).

[0106] The present invention provides the following
advantages based on the process to carry out crushing after
making the battery materials breakable at a low temperature
by using liquid nitrogen as described above.

10107] @ Though residual electricity may remain in the
refuse secondary batteries, 1t 1s safe to take crushing process
following to the refrigerating process of the batteries as no
sparks or the like at the crushing will not be caused.

10108] @ Though an electrolyte contained in the batter-
ies, which 1s normally composed of high concentrated
alkaline liquid, 1s normally dangerous to handle, the inven-
five process gives safe condition as 1t carries out the opera-
tion according to a process under wet condition.

10109] @ The mesh of the sieves is adjusted to a finer size
in all of the sieving processes, thereby allowing to recover

valent metals 1n a state of high purity from the batteries.

EXAMPLE 1

[0110] Now, a preferable example definitely demonstrat-
ing the advantageous effect of the first embodiment, how-
ever, 1t should be noted that the scope of the present
invention should not be limited to the description 1n this
example.

[0111] In this example, valent metals were recovered from
refuse secondary batteries according to the process shown in
the process chart in FIG. 1.

[0112] The refuse secondary battery is nickel-hydrogen
secondary battery, wherein hydrogen-occluded alloy 1s used
as a cathode material, nickel hydroxide and spumous nickel
are used as a anode active material, and 1ron 1s used for the
case body and the substrate.

[0113] The refuse secondary batteries in a state that the six
pieces being connected are mserted 1nto a cooling container
to directly dip them 1nto liquid nitrogen for more than 5 min.
(First process: Refrigerating process).

[0114] Then, by using a biaxial low temperature shearing
crusher (Goodcutter UG2010-20-320, Manufactured by

Ujiie Seisakusho Co.), the refuse secondary batteries were
crushed following to the msertion of the batteries in longi-
tudinal direction into the crusher (Second process: First
crushing process),

[0115] Then, the refuse secondary batteries crushed in the
first crushing process and being 1n frozen condition were
crushed by using an uniaxial high speed shearing crusher
(Third process: Second crushing process). In the second
crushing process, a rather large mesh size, 1 inch, was
employed.

[0116] Then, water-rinsing was conducted by using an
underwater aeration separator to stir the component obtained
in the second crushing process in water and to dissolve the
objective valent metal, followed by washing with alkaline
solution, thereby obtaining an objective separated compo-
nent (Forth process: water-rinsing process).
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[0117] Then, sieving was carried out to separate the pow-
der component mainly consisting of hydrogen-occluded
alloy and iron scraps mainly containing the case body of the
batteries under wet condition (Fifth process: First sieving
process). In this sieving, the mesh size of the sieve was set
to 1 mm.

|0118] The powder component passed through the sieve in
the first sieving process was further sieved under wet
condition to obtain a component mainly consisting of hydro-
gen-occluded alloy (Product 1) and the other component
(Sixth process: Second sieving process). In this sieving, the
mesh size of the sieve was set to 0.21 mm.

[0119] Recovery results for the Product 1 obtained as
described above are shown in Table 1 below.

[0120] Further, the analytical results by particle size on

valent metals contained 1n the Product 1 are shown 1n Table
2 below.

[0121] Then, the component remained over a sieve in the

first sieving process was crushed by using an 1impact crusher
(Seventh process: Third crushing process).

[0122] The crushed component was then sieved with a
sieve having 1 mm mesh under wet condition to separate
into powder component mainly consisting of an anode
material and iron scrap (Eighth process: Third sieving pro-
CESS).

[0123] After conducting the third sieving process, the iron
scrap (Product 4), such as the case body and the substrate,
were collected over the sieve, whereas anode material,
whereto spumous nickel and nickel hydroxide are attached,
was collected under the sieve.

|0124] Hereunder, recovery results for the Product 4
obtained above 1s shown 1n Table 1.

[0125] The component remained over a sieve in the sec-
ond sieving process and the component sieved down 1n the
third sieving process were mixed, and the resulting mixture
was then subjected to wet pulverization by using a magnetic
ball mill with a capacity of 1 liter to crush the spumous
nickel, thereby separating the nickel hydroxide filled therein
as simple substance (Ninth process: Pulverizing process).

[0126] After the pulverization described above, the
crushed component was magnetically separated by wet
magnetic separation using a stick magnet (3,000 Gauss) into
spumous nickel as a strong magnetic substance and nickel
hydroxide as a non-magnetic substance to obtain Product 2
and Product 3 (Tenth process: Wet magnetic separation
process).

[0127] The recovery results for Product 2 and Product 3
obtained as described above are shown in Table 1.

[0128] The analytical results of the pulverized component
by particle size and results of magnetic separation of the
component passing through a sieve having less than 400
mesh are shown 1n Table 3. In the Table 3, MAG represents
the component attached to the stick magnet after the wet
magnetic separation, and N-MAG represents the component
that did not attach to the stick magnet after the wet magnetic
separation.
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TABLE 1
Component (%)
MH Nickel
% by Content (%) Com-  hydro- Spumous  Sub-
Product Weight N1 Fe Ce ponent  xide Nickel strate
1 35.8 50.3 0.1 11.6 89.3 19.4 19.4 0.1
2 22.5 782 1.6 1.0 47  31.3 80.4 1.3
3 11.7 41.7 0.0 2.2 5.6 49.1 0.0 0.0
4 30.0 7.0 92.0 0.1 0.4 0.2 0.3 98.5
[0129] [0134] As described above, according to the recovering
process of the present invention, 1t 1s understood that valent
TABLE 2 metals can be recovered from refuse secondary batteries in
_ _ high purity and in high recovery rate safely, simply and
% by Weight NI ke Ce C cconomically-advantageously.
400 65.1 483  0.21 13.6 1.14
mesh SECOND EMBODIMENT
ggg:ggg ?:é gg:g g:i ﬁ? 2:32 [0.135] FIG. 2 1s a process chart for explaini.ng the recov-
250100 143 567 041 35 0.93 ering process according to the second embodiment.
100 5.5 61.9 0.43 5.2 0.75 :
" [0136] As canbe seen from FIG. 2, the recovering process
mesh of this embodiment 1s to recover the valent metals by
Total 100.0 50.6 0.26 12.3 1.06 subjecting the cathode material 12 separated by the
mechanical separation process 1n the anode-cathode separa-
tion process 201 from the refuse secondary batteries 11 to
[0130] the fusing process 202 after an addition of calcium, thereby
recovering the valent metals 13 from the separated cathode
TABLE 3 material 12.
% by Weight Ni Fe Ce C [0137] As shown in FIG. 2, the refuse secondary batteries
e ) 7 70 873 033 0 48 are S?,parated into the f:athode Iilzlater%al ‘and the anode
mesh material by means of cutting, crushing, sieving, etc., accord-
250~400 16.5 78.2 0.08  0.38 0.22 ing to the mechanical separation process described in the
-400 MAG 39.6 81.4 0.0 0.86 U.18 first embodiment and known mechanical process, for
—400N- 41.2 56.2 0.06 1.31 0.45 . - .
example, such process disclosed as in Japanese laid-open
MAG patent publication No. 9-117748. Such processes can be
Total 100.0 68.8 2.41  0.95 0.31 similarly applied to the embodiments described below.

[0131] From the results shown in Table 1, it is demon-
strated that Product 1 contains greater amount of nickel and
certum, which indicates that hydrogen-occluded alloy 1is
mainly recovered. It 1s also indicated that spumous nickel 1s
recovered as the main component from Product 2, nickel
hydroxide 1s recovered as the main component from Product

3, and iron (the substrate) is recovered as the main from
Product 4.

10132] From the results shown in Table 2, it is noted that
hydrogen-occluded alloy i1s collected 1 the component
sieved down through a fine mesh (250 mesh) where a greater
amount of cerium i1s contained. Therefore, in order to
recover hydrogen-occluded alloy 1n high recovery rate, it 1s
preferable to set the mesh size to 250 mesh in the sixth
process, second sieving process.

10133] From the results shown in Table 3, it is obvious that
the 1ron scrap mainly consisting of the substrate 1s distrib-
uted 1n the component remained over the sieve of 250 mesh,
whereas spumous nickel 1s crushed and 1s thereby distrib-
uted 1n the component sieved down through the sieve of 250
mesh, and that a great amount of nickel hydroxide 1is
separated.

[0138] In the separated cathode material from a nickel-
hydrogen battery, not only the cathode material but also the
anode material are contained at a content of approximately
20% by weight. For example, the anode material contains
nickel 1n an amount of 68.7%, the cathode material contains
nickel in an amount of 45.6% by weight and cerium 1n an
amount of 14.6% by weight, and the separated cathode
material contains nickel in an amount of 50.4% by weight
and certum 1n an amount of 12.0% by weight.

[0139] The anode material mainly contains nickel hydrox-
1de, which gives adverse effect on the recovery rate of mesh
metals or the like at recovering velant metals.

[0140] In the present embodiment, a cathode material with
the composition as specified 1n Table 4 1s used and 1t 1s
subjected to the fusing process after an addition of calcium

as shown 1 FIG. 2.

[0141] Namely, the cathode material, nickel as a starter
metal and calcium for reduction are introduced 1nto a tubular
furnace and then subjected to the fusing process under an
atmosphere using an inactive gas.

[0142] The fusing was continued for 2 hours at 1,500° C.
following to feeding of a cathode material 1n an amount of




US 2002/0124691 Al

10 g, nickel 1n an amount of 30 g and calcium 1n an amount
of 1.0 ¢ mnto an aluminum-made crucible under argon gas
flow at a rate of 0.5 I/min., for example. The content and
recovery rate of the valent metals 1s shown in Table 4.

[0143] In the present embodiment, the addition of calcium
during the fusing process for the separated cathode material
1s to 1improve the recovery rate for the mesh metals by means
of removing the oxidized film of rare earth elements which
covers the surface of hydrogen-occluded alloy by subjecting
the oxidized film to calcium reduction.

[0144] The additional amount of calcium is preferably in
a range of from 1 to 50 parts by weight based on 100 parts
by weight of the cathode material. The additional effect may
not be gained when this amount 1s less than 1% by weight,
whereas no further additional effect may not be given even
applying calctum 1n an amount more than 50 parts by
welght.

[0145] In Table 5, contents and recovery rates for valent
metals after subjecting the cathode material to the fusing
process, where no calcium for reduction was applied into a
tubular crucible for the comparison, are shown.

TABLE 4

(Calcium-added)

N1 Co ILa Ce Fe Ca

Cathode Content 51.50 8.37 810 11.94
material (% by

weight)
Valent  Content 93.80 2.13 1.60 2.34  0.067 0.003
material (% by

0.22 —

weight)
Recovery rate (%) ca. 9499 711 732 — —
100
[0146]
TABLE 5
(No calcium added)
N1 Co La Ce Fe Ca
Cathode Content 51.50 8.37 &840 11.94 0.22 —
material (% by
weight)
Valent  Content 96.30 1.73 0.051 0.300 0.055 —

material (% by
weight)

Recovery rate (%)  79.92 71.72 2.11 8. 72 — —

[0147] As shown In Table 4 and Table 5, more recovery of
valent metals, including nickel, cobalt, lanthanum and
cerium, can be attained when adding calcium at the process
for fusing (Table 4) than the recovery without addition of
calcium at the process for fusing (Table 5). Particularly, the
recovery rate for lanthanum and cerrum, which constitute
mesh metals, showed higher values.

0148 For decreasing the carbon content, it is preferable
to fuse the refuse batteries without addition of calcium and
then to reduce the mesh metals with addition of calcium.

10149] Consequently, it is obvious that the valent metals,
in particular mesh metals, can be recovered in high purity
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and 1n high yield by subjecting the cathode materials being
separated from the refuse secondary batteries to the fusing
process following to the addition of calcium into the cathode
material.

[0150] As described above, according to the recovery
process speciiied 1n this embodiment, it 1s possible to simply
recover the valent metals, particularly mesh metals, 1n high
purity and in high yield from the refuse secondary batteries.

[0151] The recovering system of valent metals from the
refuse secondary batteries according to the present embodi-
ment 1S constituted by a separating means to mechanically
separate the refuse secondary batteries and to separate them
into cathode materials and anode materials and a fusing
means to fuse the separated cathode materials obtained 1n
the separating process following to the addition of calcium
thereto, thereby recovering the valent metals.

ThIRD EMBODIMENT

10152] FIG. 3 shows a flow chart for explaining the
recovery process for valent metals from refuse nickel-
hydrogen secondary batteries according to the present
embodiment.

[0153] As illustrated in FIG. 3, the recovery process for

the valent metals from the refuse secondary batteries is
constituted by a separating process 301 to destroy, crush and
sicve dead nickel-hydrogen secondary batteries, then to
remove plastics, papers, 1ron, etc. 22 by mechanical sepa-
rating means to recover the valent metals 23 and to separate
the recovered valent metals 1mnto cathode materials 24 and
anode materials 25, an oxidizing process 302 to oxidize the
cathode materials 24 at a low temperature (lower than 300°
C.) and a fusing process 303 to fuse the oxidized materials
under an atmosphere of an inactive gas (ex. Argon, etc.) at

a temperature, for example 1500° C., thereby recovering Ni,
etc. as recovered metals 26 from the fused maternals.

[0154] The separating process 301 for the valent metals by
breaking down, crushing and sieving the dead nickel-hydro-
ogen secondary batteries 1s a process to separate the batteries
into a group consisting of plastics, papers, iron, etc. 22 and
a group of valent metals 13, such as nickel hydroxide,
hydrogen-occluded alloy and spumous nickel, for which a
shearing crusher or the like 1s used for the breaking down,
a crusher having 3 cutters and 5 stages or the like 1s used for
the crushing under wet condition, and a sieve with 28 mesh
more or less 1s used for the sieving. The non-separated
materials remained over the sieve are magnetically separated
at magnetic power of 2,000-3,000 Gauss to remove non-
magnetic materials, such as plastics and papers, and trace
amount of plastics and papers are removed by means of
burning.

[0155] The residue remained after burning are pulverized
by using a vibrating mill and then sieved through a sieve
having 24 mesh more or less to separate into iron and
spumous nickel, and the spumous nickel obtained 1s con-
centrated and recovered as a fine particle part less than 24
mesh to obtain the valent metals 23.

[0156] Whereas, active materials for a battery, valent
metals, such as nickel-hydrogen and nickel hydroxade, are
also concentrated into the said fine particle part less than 24
mesh which 1s obtained by wet crushing and separation by
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using a crusher. However, the mesh size specified above
should not be limited to the range specified above.

[0157] A further efficient separation could be attained by
employing the mechanical separation process to make the
materials breakable at a low temperature with liquid nitro-
gen as described 1n the first embodiment.

|0158] The cathode materials 24 mechanically-separated
from the valent metals 23 are oxidized at a low temperature
lower than 300° C. In the present embodiment, it is prefer-
able to set said temperature at 300° C. or lower, and more
preferably at 150° C. or lower.

[0159] If the said temperature for the oxidation is set at
higher than 300° C., oxidation reaction in normal atmo-
sphere may proceed too fast, which requires to pay further
strict control on the atmosphere.

[0160] The oxygen concentration required for the present
embodiment 1s preferably in a range of from 5 to 25%, and
more preferably 1n a range of from 7 to 20%. Efficiency for
removing carbon (C) can be lowered when the said oxygen
concentration 1s less than 5%, whereas the oxygen reaction
proceeds too fast and thereby lowering a rate for recovering,
metals when the oxygen concentration i1s higher than 25%.

[0161] The reason to set the said oxygen concentration at
a range specified above 1s to improve the carbon-removing
rate according to the mechanism described below.

[0162] In general, when fusing the cathode materials
under an atmosphere of an 1nactive gas, the oxidation and
removal of carbon 1s carried out by using oxygen contained
in the said cathode materials. Under the condition where the
cathode materials are fused, rare earth elements contained 1n
the cathode materials can be oxidized i1n preference to
carbon (C), which consumes oxygen contained in the cath-
ode materials, and the oxidation and removal of carbon i1s
then accomplished with the remaining oxygen therein.
Theretore, 1t 1s required to supply surplus oxygen to be used
for oxidizing rare carth elements other than oxygen to be
used for oxidizing carbon 1nto the cathode materials, so that
the oxygen concentration in this embodiment 1s set to a
range of from 5 to 25% for this reason.

0163| Further, in adjustment of the oxygen concentration,
the surplus oxygen to be added can be appropriately adjusted
to a range of from 5 to 25% beforehand by adding nickel
hydroxide as a anode material pro re nata.

[0164] The oxidation reaction for the rare earth elements
(RE) to be subjected to the fusing process is a priority
reaction as follows.

RE (rare earth elements other than Ce)+3/2 O—1/2

RE O; (1)

Ce+2 O—CeO, (2)
[0165] And, the reaction for removing carbon is as fol-
lows.

C+2 0—CO, (3)
[0166] or

C+0—CO (4)

[0167] As described above, recovery of valent metals,
such as N1 and Co, can be achieved by oxidizing and fusing
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the cathode materials contained in the refuse nickel-hydro-
ogen secondary batteries at a low temperature lower than

300° C.

[0168] Alternatively, the following process can be
employed as a process for fusing and removing the rare earth
clements.

[0169] 10-90% of the rare earth elements can be fused and
removed with an 1norganic acid, such as hydrochloric acid
and sulfuric acid, 1n an amount of 0.1-2.5 times equivalent,
and preferably 0.3-1.5 times equivalent, which 1s required
for dissolving the rare earth elements. The reason to fix the
amount of the inorganic acid to a range of from 0.1-2.5 times
cequivalent 1s that the amount of the fused rare earth elements
oets less and the carbon-removing effect at the fusing
process get reduced when the amount of the mmorganic acid
1s less than 0.1 times equivalent, whereas the loss of nickel
and cobalt at the fusing process other than rare earth
clements get increased when the amount of the 1norganic
acid 1s more than 2.5 times equivalent.

[0170] Then, after dissolving the rare earth elements with
the morganic acid and remove 1t, the cathode materials are
subjected to drying and oxidation processes at a temperature
lower than 300° C., preferably lower than 150° C., and more
preferably lower than 100° C. to adjust the oxygen concen-
tration to a range of from 5 to 25% for the subsequent
oxidation.

[0171] Whereas, it is possible to adjust the oxygen con-
centration to an appropriate range of from 7 to 20% by
oradually oxidizing the cathode materials 1n water while
bubbling air therein before subjecting it to the drying
Process.

[0172] Further, as shown in FIG. 4, the oxidizing process
302 i1n the third embodiment described above can be
replaced by nickel hydroxide treating process 304 to add
nickel hydroxide.

[0173] The recovering system of valent metals from refuse
secondary batteries of the present example based on the
recovering process as described above 1s constituted by a
separating means to mechanically separate the refuse sec-
ondary batteries and to separate the battery materials into
cathode materials and anode materials and oxidizing means
to oxidize the cathode materials in the recovered valent
metals at a low temperature, thereby recovering the valent
metals from the refuse secondary batteries.

EXAMPLE 2

[0174] Now, an example for the third embodiment is
explained below, however, it should not be construed that
the scope of the invention i1s limited to the range of the
description in the following.

COMPARISON EXAMPLE

[0175] The pure cathode shown in Table 6 in an amount of
10 g and nickel mm an amount of 30 g are directly filled mto
an aluminum crucible without subjecting them to oxidation
and are subsequently subjected to the fusing process at
1,500° C. for 2 hours under argon gas flow at a flow rate of
0.5 liter/min. to thereby recover the valent metals.

EXAMPLE 2-1

[0176] The material in an amount of 10 g obtainable by
oxidizing the pure cathode having a composition shown in
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Table 6 by drying at 150° C. for 24 hours and nickel in an
amount of 30 g are filled mto an aluminum crucible and
subjected to the fusing process at 1,500° C. for 2 hours under
argon gas flow at a flow rate of 0.5 liter/min. to thereby
recover the valent metals.

EXAMPLE 2-2

[0177] Pure cathode material in an amount of 10 g having
a composition shown 1n Table 6, whereto nickel hydroxide
in an amount of 10% based on the weight of the pure cathode
1s added, and nickel in an amount of 30 ¢ are {illed 1nto an
aluminum crucible, and the crucible was subjected to the
fusing process at 1,500° C. for 2 hours under argon gas flow
at a flow rate of 0.5 liter/min. to thereby recover the valent
metals.

EXAMPLE 2-3

[0178] Pure cathode material in an amount of 10 g having
a composition shown 1n Table 6, whereto nickel hydroxide
in an amount of 20% based on the weight of the pure
cathode, and nickel in an amount of 30 g are filled into an
aluminum crucible and subjected to the fusing process at
1,500° C. for 2 hours under argon gas flow at a flow rate of
0.5 liter/min. to thereby recover the valent metals. The
results are shown 1n Table 6.
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from the separated cathode material 12, wherein the sepa-
rated cathode material 12 1s subjected to an acid-dissolving
process 402 to remove the rare earth elements contained
therein with an acid 1n an amount of 0.1-2.5 times equiva-
lent, which 1s the amount required for dissolving the rare
carth elements, and 1s then dried, and the dried material 1s
fused 1n the fusing process 403 to recover the valent metals.

|0183] Similarly in the third embodiment, the separated
cathode material 1s defined 1n the present embodiment as a
cathode composition itself or a cathode composition whereto
an anode composition 1s partly contained.

[0184] Now, recovering process for valent metals accord-
ing to the present embodiment 1s explained with referring to
the attached drawings.

[0185] In the acid-dissolving process 402, the separated
cathode material 12 1s dissolved with an acid as shown 1n
FIG. 5. Namely, the separated cathode material 12 1s
admixed with a solution of an acid such as sulfuric acid and
1s subjected to the infusion. For the acid used here, a strong
acid, such as sulfuric acid, hydrochloric acid and nitric acid,
can be given as the examples, and preferable pH range of the
acid 1s from 3 to 4. The amount of the acid 1s 1n a range of
from 0.1 to 2.5 times equivalent, and more preferably from
0.3 to 1.6 times equivalent, which amount i1s required for

TABLE 6

Recovered Metal Metal Recovery Rate

N1 Co Ce La C
Type (%) (%) (%) () (%) () (8

Com- Pure 48.1 101 157 111 1.0 1.0 38.4
parison Cathode

Example

Example Oxidized 448 9.4 146 103 0.9 8.3 35.3

2-1 Material

Example Ni (OH),- 49.5 92 143 10.1 0.9 5.0 35.2
2-2 added

Example Ni (OH),- 50.7 84 13.1 9.2 0.8 8.4 33.2
2-3 added

(Regend)
Example 2: 10% Ni (OH), is added.
Example 3: 20% Ni (OH), is added.

[0179] As shown in Table 6, the recovery rates for Ni and
Co are both higher than 90% in Example 2-1, both are 80%
in Example 2-2, and both are 50% more or less 1n Example
2-3 though the amount of carbon being reduced.

|0180] As described above, the recovery of valent metals,
such as nickel and cobalt, from the refuse nickel-hydrogen
secondary batteries can be efficiently achieved by simple
process according to the present embodiment.

FORTH EMBODIMENT

[0181] FIG. 5 shows a flow chart for explaining the

recovery process for valent metals from refuse nickel-
hydrogen secondary batteries according to the present
embodiment.

[0182] As shown in FIG. 5, the present recovery process
1s a process to mechanically separate the refuse secondary
batteries 11 mto cathode material and anode material 1n the
separating process 401 and then to recover valent metals

O  Amount

N1 Co Ce La C N1 Co Ce La C
(%) (%) (%) (%) (pm) (%) (%) (%) (%) (%)

90.5 2.6 3.7 2.6 2500 99.0 990 89.8 91.0 969

7.0 2.4 0.1 0.1 300 84.4 &80.1 2.4 3.4 11.8
972 2.1 0.1 0.1 400 851 81.5 2.5 3.5 15.6

98.2 1.3 <01 <0.1 70 51.3 512 @ — — 2.9

dissolving the rare earth elements (RE). The reaction of the
acid and the rare ecarth elements in the said process 1s
represented by the following equations.

RE+3/2 H,SO,—~RE**+3/2 SO,2+3/2 H,1(Gas)
RE+3 HCI—RE>+3 Cl+3/2 H,1(Gas) (5)

RE+3 HNO,—RE**+3 NO+3/2 H,1(Gas)

[0186] By dissolving the cathode material with the acid in
the amount described above, 10-90% of the rare earth
clements can be removed. When the amount of the acid 1s
less than 0.1 time equivalent, only small amount of the rare
carth elements can be dissolved, which causes less removal
of carbon at the fusing process. Whereas, when the amount
of the acid 1s more than 2.5 times equivalent, 1t 1s problem-
atic that not only rare earth elements but also great amount
of nickel and cobalt dissolve 1n the acid and could be lost.

|0187] The rare earth elements described here are defined
as Mm, La, Ce, Nd, etc.
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|0188] In the fusing process 403, the separated cathode
material from which certain amount of the rare earth ele-
ments have been removed 1s then dried and subsequently
subjected to the fusing process.

[0189] The fusing process 403 is taken place at a tem-
perature higher than the melting point, and more preferably
at the fusing temperature of from 1,450 to 1,600° C. under
an atmosphere of an 1nactive gas, such as argon, after
addition of nickel as a starter metal.

[0190] Carbon can be oxidized and then removed with
oxygen contained in the separated cathode material to be
fused at the time of fusing the material under an atmosphere
of an mactive gas. However, oxygen tends to be consumed
for oxidizing the rare earth elements in preference to the
oxidation of the carbon according to the equation (1)
described above, and the carbon can be oxidized and
removed with the remaining oxygen according to the equa-

tion (2) or (3).

10191] Consequently, it is more useful to remove the rare
carth elements, which would obstruct the oxidation of car-
bon, as much as possible for recovering the valent metals
containing less carbon content.

[0192] In this sense, it is necessary to supply surplus

oxygen which can cover the oxygen amount to be used for
the oxidation of the rare earth elements other than that of the

carbon 1n the material to be fused.

0193] By taking such process above, it can be allowable
to obtain the valent metals with low carbon content 1n high
purity and 1n high yield.

10194] The recovering system for valent metals from
refuse secondary batteries according to the present embodi-
ment based on the recovering processes as described above
1s constituted by a separating means to mechanically sepa-
rate the refuse secondary batteries and further separate them
into cathode materials and anode materials, a rare earth
clements removing means to remove the rare earth elements
by adding an acid in an amount of 0.1-2.5 times equivalent
based on the weight of the cathode materials, which amount
1s required to dissolve the rare earth elements, a drying
means to dry the separated cathode materials from which the
rare earth elements have been removed, and a fusing means
to fuse the dried cathode materials to recover the valent
metals.

EXAMPLE 3

[0195] Now, an example preferable for the forth embodi-
ment of the present invention 1s explained below, however,
it should be noted that the scope of the present embodiment
shall not be limited to the description 1n the following.

REFERENCE EXAMPLE

[0196] The cathode materials in an amount of 10 g recov-
ered from refuse nickel-hydrogen secondary batteries and
nickel 1n an amount of 30 ¢ are filled into an aluminum
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crucible, and the materials are kept therein for 2 hours at
1,500° C. under argon gas flow at a rate of 0.5 liter/min. to
recover the valent metals.

EXAMPLE 3-1

[0197] The cathode material recovered from refuse nickel-
hydrogen secondary batteries 1s prepared 1nto a suspension
kept to a slurry concentration of 200 g/liter. The suspension
1s then added while taking an hour time with hydrochloric
acid 1n an amount of 0.3 time equivalent according to the

rare carth elements dissolving reaction represented by the
equation (1), and the suspension is further kept for an hour
while applying air bubbling, filtered and then dried for 6
hours at 70° C. The dried materials in an amount of 10 g to
be subjected to the fusing process, of which oxygen con-
centration 1s 10.3% by weight, and nickel 1n an amount of 30
o are filled 1n an aluminum crucible and kept therein for 2
hours at 1,500° C. under argon gas flow at a rate of 0.5
liter/min., thereby recovering the valent metals.

EXAMPLE 3-2

[0198] The cathode material recovered from nickel-hydro-
ogen secondary batteries was prepared 1into suspension kept at
a slurry concentration of 200 g/liter. Based on the dissolving
reaction for rare earth elements represented by the equation
(1) described above, the suspension was added with hydro-
chloric acid 1n an amount of 0.7 time equivalent while taking
an hour time and kept under air bubbling for an hour, filtered
and dried for 6 hours at 70° C. to obtain the materials to be
subjected to the tusing process. The materials to be used for
the fusing process (oxygen concentration: 15.2% by weight)
in an amount of 10 g and nickel 1n an amount of 30 g were
filled in an aluminum crucible and kept for 2 hours at 1,500°
C. under argon gas flow at a flow rate of 0.5 liter/min. to
thereby recover the valent metals.

EXAMPLE 3-3

[0199] The cathode material recovered from nickel-hydro-
ogen secondary batteries was prepared 1nto suspension kept at
a slurry concentration of 200 g/liter. Based on the dissolving,
reaction for rare earth elements represented by the equation
(1) described above, the suspension was added with hydro-
chloric acid in an amount of 1.5 times equivalent while
taking an hour time and kept under air bubbling for an hour,
filtered and dried for 6 hours at 70° C. to obtain the materials
to be subjected to the fusing process. The materials to be
used for the fusing process (oxygen concentration: 16% by
welght) in an amount of 10 g and nickel in an amount of 30
o were filled 1n an aluminum crucible and kept for 2 hours
at 1,500° C. under argon gas flow at a flow rate of 0.5
liter/min. to thereby recover the valent metals.

[0200] The contents and the metal recovery rates of each
clements contained 1n the material to be used for the fusing
process and the recovered metals in the Examples 3-1
through 3-3 and Reference Example are shown in Table 7.

[0201] Furthermore, the contents, remaining rates, metal
recovery rates and total recovery rates of each elements
contained 1n the cathode material and the materials to be
used for the fusing process 1n the Examples 3-1 through 3-3
are shown 1n Table 8. In the table, % means % by weight.



US 2002/0124691 Al

Sep. 12, 2002

11
TABLE 7
Material for Fusing Process Recovered Metals Metal Recovery Rate
N1 Co Ce La C O Amount Ni Co Ce La C N1 Co Ce La C
Type %o %o %o o % P (2) o % % % ppm % %o o % %
Ref- Pure 481 10.7 157 111 1 1 384 905 26 37 2.6 2500 99 99 89.8 91 96.9
erence  Cathode
Ex-
ample
Ex- Product HCI 03 541 79 98 68 14 103 355 977 1.7 <01 <041 50 873 764 — — 13
ample  treated Equi-
3-1 with valent
Ex Acid 0.7 572 77 84 57 13 152 364 975 1.6 <01 <01 40 96 — — 11
ample
3-2
Ex- 1.5 604 79 64 43 15 15 36.6 978 2 <01 <0.1 20 96 — — 05
ample
3-3
[10202]
TABLE &
N1 Co Ce la  C O
To %o %o % % %

Example Acid Applied  Raw Material 100 g 535 83 131 92 1.2 45
3-1 Acid Product after 54.1 7.9 9.8 6.8 1.4 10.3

Equivalent application 94.6 g

0.3 (Relative =~ Remaining Rate 95.7 90.0 70.8 699 — —

to Rare Earth

Element)

Fusing Applied Metal Recovery Rate 87.3 764 — — 13 —

Generalized Recovery Rate 83.5 688 — — 13 —
Fxample  Acid Applied  Raw Material 100 g 53,5 83 131 92 12 45
3-2 Acid Product after 672 777 84 57 13 152

Equivalent Application 80.3 g

0.7 (Relative =~ Remaining Rate 859 745 515 498 — —

to Rare Farth

Element)

Fusing Applied Metal Recovery Rate 96.0 756 — — 11 —

Generalized Recovery Rate 82.5 563 — — 11 —
Fxample  Acid Applied  Raw Material 100 g 535 83 131 92 12 45
3-3 Acid Product after 60.4 7.9 6.4 43 1.5 16

Equivalent application 62.5 g

1.5 (Relative =~ Remaining Rate 70.6 595 305 292 — —

to Rare Farth

Element)

Fusing Applied Metal Recovery Rate 96.0 93.7 — — 05 —

Generalized Recovery Rate 67.8 558 — — 05 —
[0203] From the results shown in Table 7 and Table 8, it FIFTH EMBODIMENT
%S understood that valent metals (mc__iel and Cobalt). conitam [0205] FIG. 6 is a flow chart for explaining the recovering
ing carbon at a lower content can be recovered in higher .

_ o _ _ ; process for valent metals from refuse secondary batteries
purity and 1n high yield accordmg to the processes described according to the fifth embodiment of the present invention.
in Examples 3-1 through 3-3, wherein the cathode material
separated from the refuse secondary batteries was dissolved ~ [0206] As shown in FIG. 6, the recovering process
with an acid, dried and oxidized, and the resulting material according to this embodiment 1s constituted by a separating

process 501 to mechanically separate refuse secondary bat-

was subjectec
process 1n Re:
was subjectec

 to the fusing process, in comparison with the
‘erence Example 1 where the cathode material

' to the fusing process.

10204] As described above, according to the recovering

process of the present 1nvention, 1t 1s allowable to simply
recover valent metals with low carbon content in high purity

and 1n high yield from the refuse secondary batteries.

teries 31 and to separate the secondary batteries into the

sep

mal

car

arated cathode material 32 and the separated anode
erial 33, a reduction fusing process 502 to add either
bon or plastic 34 1nto the separated cathode material 32

and

' then subject the added cathode material to the reduction

fusing process and a decarbonizing process 503 to oxidize
and remove carbon contained 1n the valent metals by heating,

the

metal 1(C: 0.5-3%) under an oxidized atmosphere fol-



US 2002/0124691 Al

lowing to the reduction fusing process 502 to recover the
valent metals as recovered metals 35.

10207] In this embodiment, as objective refuse secondary
batteries, the ones described 1n the first embodiment can be
used, and the mechanical separation of batteries 1nto the
anode material and the cathode material can be done by
publicly-known process or the process specified 1n the first
embodiment of the present invention.

[0208] In this embodiment, the separated cathode material
may contain an anode material, a refuse anode material and
refuse sintered nickel.

[0209] As the reducing agent in the reduction fusing
process 502 of the present embodiment, 1t 1s particularly
preferable to use the one which contains carbon. This 1s
because of that the reducing agent containing carbon 1s
ogenerally cheap and the reaction therewith mildly proceeds.
Alternatively, hydrogen gas can be used as the reducing
agent, however, 1t requires special facility to use hydrogen
ogas, which costs high and 1s not practical. Metal aluminum
and metal calctum can be also used, however, 1t 1s not
preferable to use these metals because these metals are more
expensive than the reducing agent containing carbon and
proceed the reaction vigorously.

[0210] The carbon content in the valent metals, which
mainly contains nickel, obtainable at the reduction of the
said reducing agent containing carbon i1s preferably 1n a
range of from 0.01% to 2.8%, more preferably from 0.1% to
2.4%, and further preferably from 1% to 2.22%. In case that
the carbon content in nickel exceeds such range, the melting
point thereof tend to rise up immediately. For example, the

melting point of nickel, of which carbon content 1s 2.22%,
is 1,318° C.

[0211] In the decarbonizing process 303 described above,
carbon dissolved in the wvalent metals 1s oxidized and
removed by subjecting the valent metals to the fusing
process following to the addition of an oxidizing agent, such
as oxygen (or air) and nickel oxide (including anode mate-
rials).

[0212] The oxygen content in the valent metals obtainable
at the said fusing process 1s preferably in a range of from
0.01% to 1.5%, more preferably from 0.01% to 1.5%, and
further preferably from 0.1% to 1%. This 1s because of that
the melting point of the nickel raises too high when the
oxygen content 1n nickel exceeds such range, though carbon
content 1n the nickel can be reduced more 1n parallel to the
increase of the oxygen content in the nickel. When the
oxygen content exceeds 0.87%, the melting point of the
nickel rapidly rise up, which 1s not preferable for the
recovery. When the oxygen content 1n nickel 1s 0.87%, the
melting point becomes the eutectic point of N1 and NiO

(Melting point: 1,455° C.).

[0213] According to the recovering process of the present
embodiment, it 1s possible to obtain Ni1-Co recovered metals
containing carbon at a concentration of less than 200 ppm.

10214] Addition of CaF, may be employed in the decar-

bonizing process 303 described above. By the addition of
CaF,, 1t 1s allowable to improve the recovery rate.

[0215] By employing the processes described above, it is
allowed to recover metals containing no carbon from valent
metals containing N1 and Co, which 1s consisted of refuse
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cathode materials, refuse anode materials, refuse sintered
nickel and mixture thereof, obtainable by mechanical sepa-
ration of refuse secondary batteries.

[0216] The system for carrying out the recovering process
according to the present embodiment 1s constituted by a
separating means to mechanically separate refuse secondary
batteries 1nto a separated cathode material and a separated
anode material, a reduction fusing means to add either
carbon or plastic to the separated cathode material and then
to subject the added cathode material to the reduction fusing
process and a decarbonizing means to heat the cathode
material under an oxidized atmosphere either prior or after
the reduction and fusing process to oxidize and remove
carbon contained 1n the valent metals, thereby recovering the
valent metals.

[0217] The recovering system for carrying out the recov-
ering process for valent metals from refuse secondary bat-
teries according to the present embodiment 1s constituted by
a separating means to mechanically separate refuse second-
ary batteries mto a separated cathode material and a sepa-
rated anode material, a reduction fusing means to add either
carbon or plastic to the separated cathode material and then
to subject the added cathode material to the reduction fusing
process and a decarbonizing means to heat the cathode
material under an oxidized atmosphere either prior or after
the reduction fusing process to oxidize and remove carbon
contained 1n the valent metals, thereby recovering the valent
metals.

[0218] Now, the examples @ to @ to which the fifth

embodiment 1s applicable are explained below by referring
to the attached drawings.

[10219] @FIG. 7 is a flow chart for explaining an appli-
cable example 1 for the recovering process for valent metals
from refuse secondary batteries according to the present
embodiment.

[0220] Here, an explanation on the separating process 501
is omitted. (The same as follows.)

10221] As shown in FIG. 7, the recovering process of this
applicable example comprises a reduction fusing process
502 to add either carbon or plastic as a reducing agent 34
other than metal calcium to the separated cathode material
32, which may contain a refuse anode material and refuse
sintered nickel, and then to subject the added cathode
material to the reduction fusing process, and a decarbonizing
process 503 to remove doros (oxidized rare earth elements)
following to the reduction fusing process 502 and to heat
carbon-containing metal I under an oxidized atmosphere to
oxidize and remove carbon contained 1n valent metals,
thereby recovering low-carbonized valent metals (Ni1-Co) as
recovered metals 35. The recovered metals 35 are used again
as Ni1-Co raw material for hydrogen-occluded alloy. By
reducing and fusing the doros again, the recovery rate can be
improved.

[10222] @FIG. 8 is a flow chart for explaining an appli-

cable example 2 for the recovering process for valent metals
from refuse secondary batteries according to the present
embodiment.

[10223] As shown in FIG. 8, the recovering process of the
applicable example 2 comprises a decarbonizing process
503 to add an oxidizing agent, for example the separated
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anode material, to the separated cathode material 32, which
may contain refuse anode material and refuse sintered
nickel, and then to heat and fuse the added cathode material
under an oxidized atmosphere to oxidize and remove carbon
contained 1n the valent metals, a reduction fusing process
502 to add either carbon or plastic as a reducing agent to the
doros and then to subject the added doros to reduction and
fusing, and a process to remove the doros (oxidized rare
carth elements) following to the reduction fusing process
502 and then to circulate carbon-containing metal I to the
decarbonizing process 503, thereby recovering low-carbon-
ized valent metals (Ni-Co) as recovered metals 35.

10224 ] @FIG. 9 is a flow chart for explaining an appli-
cable example 3 for the recovering process for valent metals
from refuse secondary batteries according to the present
embodiment.

10225] As shown in FIG. 9, the recovering process of this
applicable example 3 comprises a reduction fusing process
502 to add either carbon or plastic as a reducing agent 34
other than metal calcium to the separated cathode material
32, which may contain a refuse anode material and refuse
sintered nickel, and then to subject the added cathode
material to the reduction fusing process, and a decarbonizing
process 303 to remove the doros (oxidized rare earth ele-
ments) following to the reduction fusing process 502 and to
heat carbon-containing metal I under an oxidized atmo-
sphere to oxidize and remove carbon contained 1n the valent
metals by adding a separate oxidizing material, and a
process 504 to add metal calcium to a mixture of low-
carbonized metal and the doros and to subject the mixture to
the reduction fusing process, thereby recovering low-car-
bonized valent metals (Ni-Co-Mm)) as recovered metals 385.

10226} @FIG. 10 1s a flow chart for explaining an appli-

cable example 4 for the recovering process for valent metals
from refuse secondary batteries according to the present
embodiment.

10227] As shown in FIG. 10, the recovering process of the

applicable example 4 comprises a decarbonizing process
503 to add an oxidizing agent, for example the separated
anode material, to the separated cathode material 32, which
may contain a refuse anode material and refuse sintered
nickel, and then to heat and fuse the added cathode material
under an oxidized atmosphere to oxidize and remove carbon
contained in the valent metals and a reduction fusing process
502 to separate the cathode material mto Ni-Co metal
containing low carbon and the doros and then to subject the
doros to the reduction fusing process following to the
addition of either Al or H,, as a reducing agent containing no
carbon and then to subject the doros to the reduction fusing
process, thereby recovering low-carbonized valent metals
(Ni-Co) as recovered metals 35.

EXAMPLE 4

[0228] Now, a preferable example for the fifth embodi-
ment of the present imvention 1s explained, however, it
should be noted that the scope of the present mmvention shall
not be limited to the description range i1n the following
example.

REFERENCE EXAMPLE

10229] Nickel-hydrogen secondary  batteries  were
scrapped by hand work, and the cathode material obtained
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(hereinafter called as pure cathode material) in an amount of
10 g and metal nickel in an amount of 30 g as a starting metal
were filled into an aluminum crucible. The crucible was then
kept at 1,500° C. for an hour under an inactive argon gas
flow at a flow rate of 0.5 liter/min. to recover the valent
metals in an amount of 37.6 g.

EXAMPLE 4-1

[0230] Nickel-hydrogen secondary batteries were sepa-
rated 1mnto an anode material and a cathode material by
mechanical separation using liquid nitrogen, and the sepa-
rated cathode material, which contains nickel hydroxide and
metal nickel i hydrogen-occluded alloy, in an amount of
100 ¢ and carbon 1n an amount of 20 ¢ were admixed and
then filled into an aluminum crucible. The cathode material
filled 1 a crucible was then subjected to fusing process at
1,500° C. for 2 hours under argon gas flow to obtain at metal
(recovered metal I) in an amount of 76.7 g in a clump state.

[0231] Then, the obtained metal in an amount of 50 g, the
separated anode material (nickel hydroxide) in an amount of
20 g and calcium fluoride 1n an amount of 10 g were filled
mnto an aluminum crucible, and the mixture in the crucible
was subjected to fusing process at 1,500° C. for an hour
under argon gas flow to obtain a metal (recovered metal II)
in an amount of 44.2 ¢ m a clump state.

EXAMPLE 4-2

10232] According to the same procedure described in the
Example 4-1 except changing the additional amount of
carbon to 7 g, a metal (recovered metal I) in an amount of
69.2 ¢ was obtained 1n a clump state.

[0233] Then, the obtained metal in an amount of 30 g, the
separated anode material (nickel hydroxide) in an amount of
3 g and calcium fluoride 1n an amount of 5 g were filled 1nto
an aluminum crucible, and the crucible was subjected to
fusing process at 1,500° C. for an hour under argon gas flow
to obtain a metal (recovered metal II) in an amount of 44.2
o 1n a clump state.

EXAMPLE 4-3

10234] According to the same procedure described in the
Example 4-1 except changing the additional amount of
carbon to 10 g, the separated cathode material was filled into
an aluminum crucible and then subjected to fusing process
at 1,400° C. for 2 hours under argon gas flow to obtain a
metal (recovered metal I) in an amount of 61.3 g in a clump
state.

[0235] Then, the obtained metal in an amount of 30 g, the
separated anode material (nickel hydroxide) in an amount of
6 ¢ and calctum fluoride 1n an amount of 5 g were {illed 1nto
an aluminum crucible, and the filled crucible was subjected
to fusing process at 1,400° C. for an hour under argon gas
flow to obtain a metal (recovered metal II) in an amount of
37.4 g 1n a clump state.

EXAMPLE 4-4

[0236] According to the same procedure described in the
Example 4-1 except changing the additional amount of
carbon to 15 g, the separated cathode material was filled into
an aluminum crucible and then subjected to fusing process
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at 1,400° C. for 2 hours under argon gas flow to obtain a
metal (recovered metal I) in an amount of 71.8 g in a clump
state.

10237] Then, the obtained metal in an amount of 30 g, the
separated anode material (nickel hydroxide) in an amount of
9 ¢ and calcium fluoride 1n an amount of 5 g were {illed into
an aluminum crucible, and the filled crucible was subjected
to fusing process at 1,400° C. for an hour under argon gas
flow to obtain a metal (recovered metal II) in an amount of
27.08 g 1n a clump state.

EXAMPLE 4-5

[0238] According to the same procedure described in the
Example 4-1 except changing the additional amount of
carbon to 10 g, a metal (recovered metal I) in an amount of
63.9 ¢ was obtained 1n a clump state.

10239] Then, the obtained metal in an amount of 30 g, the
separated anode material (nickel hydroxide) in an amount of
6 ¢ and calcium fluoride 1n an amount of 5 ¢ were filled 1nto
an aluminum crucible, and the filled crucible was subjected
to fusing process at 1,500° C. for an hour under argon gas
flow to obtain a metal (recovered metal II) in an amount of
37.4 ¢ 1n a clump state.
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EXAMPLE 4-6

10240] Nickel-hydrogen secondary batteries were sepa-
rated mto an anode material and a cathode material by
mechanical separation using liquid nitrogen, and the sepa-
rated cathode material, which contains nickel hydroxide and
metal nickel 1n hydrogen-occluded alloy, mn an amount of
100 g, the separated anode material (nickel hydroxide) in an
amount of 20 g, which contains hydrogen-occluded alloy
and metal nickel, and calcium fluoride in an amount of 10 g
were admixed and filled mto an aluminum crucible. The
filled crucible was then subjected to fusing process at 1,500°
C. for an hour under argon gas flow to obtain a metal
(recovered metal I) in an amount of 76.7 g in a clump state
and doros 1n an amount of 39.5 ¢.

10241] Then, the obtained doros in an amount of 30 g,
metal calcium 1n an amount of 7 g and calcium fluoride 1n
an amount of 3 g were filled 1nto an aluminum crucible, and
the filled crucible was subjected to fusing process at 1,300°
C. for 0.5 hour under argon gas flow to obtain a metal
(recovered metal IT) in an amount of 16.4 g in a clump state.

10242] The results obtained in Examples 4-1 through 4-6
are shown 1n Tables 9 through 11.

10243] As shown in these tables, it is allowable according
to these examples to obtain Ni1-Co recovered metal contain-
ing low carbon.

TABLE 9
Amount Analyzed Data (%) Net (g)
(2) Ni Ce C O Ni Co Ce C O
Fxample  Reduction IN Separated 100 1500° C. 47.8 6.1 &89 1.5 — 47.8 6.1 8.9 1.6 0
4-1 Fusing Cathode 20 2 hr, Ar — — — —
Carbon
ouT Recovered 76.7 62.1 7.6 10.2 24 0.001 47.6 5.8 7.8 1.84 0.001
Metal 1 99.6 95.1 &87.6 — —
Recovered
Rate (%)
Oxidation IN Recovered 50 1500° C. 62.06 7.6 10.2 2.4 — 31.0 3.8 5.1 1.2 0
Fusing Metal 1 20 1 hr, Ar 65.5 29 2.8 — — 13.1  0.58 2.8
Separated 10
Anode
Cal,
ouT Recovered 44.2 87.5 9.1 <0.1 0.0004 1.50 387 4.01 — — —
Metal 1 877 91.6 0.0 — —
Recovered
Rate (%)
Fxample  Reduction IN Separated 100 1500° C. 47.8 6.1 &89 1.6 — 47.8 0.1 8.9 1.6 0
4-2 Fusing Cathode 7 2 hr, Ar — — — —
Carbon
ouT Recovered 69.26 67.1 8.5 10.7 0.4 0.007 46.5 5.86 7.4 0.06926 0.006
Metal 1 97.3 96.1 83.1 — —
Recovered
Rate (%)
Oxidation IN Recovered 30 1500° C. 67.1 8.5 10.68 0.10 — 20.1  2.53826 3.20531 0.03 0
Fusing Metal 1 3 2 hr, Ar 65.5 29 2.8 — —  1.965 0.087
Separated 5
Anode
Cak,
ouT Recovered 25.61 100.7 119 <0.1 0.01 0.01 258 2.83 — — —
Metal 1 116.7 107.8 0.0 — —
Recovered

Rate (%)
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[0244]

Fxample
4-3

Example
4-4

FExample
4-4

[0245]

Fxample

4-6

Reduction
Fusing

Oxidation
Fusing

Reduction
Fusing

Oxidation
Fusing

Reduction
Fusing

Oxidation
Fusing

Reduction

Fusing

IN

ouT

IN

ouT

IN

ouT

IN

ouT

IN

ouT

IN

ouT

IN

Amoun
(&)

Separated 100
Cathode
Carbon 10
Recovered 61.3
Metal 1
Recovered
Rate (%)

Recovered 30
Metal 1

Separated 6
Anode

CaF, 5
Recovered 37.4
Metal 1
Recovered
Rate (%)
Separated
Cathode
Carbon 15
Recovered 71.8
Metal 1

Recovered

Rate (%)

Recovered 30
Metal 1

Separated 9
Anode

CaF, 5
Recovered 27.08
Metal 1
Recovered
Rate (%)
Separated
Cathode
Carbon 10
Recovered 63.9
Metal 1

Recovered

Rate (%)
Recovered 30
Metal 1

Separated 6
Anode

CaF, 5
Recovered 37.4
Metal 1

Recovered
Rate (%)

100

100

Separated Cathode
Separated Anode
Starter N1 Metal 1
Carbon

{

1400° C.

2 hr, Ar

1400° C.

1 hr, Ar

1400° C.

2 hr, Ar

1500° C.

1 hr, Ar

1500° C.

2 hr, Ar

1500° C.

1 hr, Ar

Amount

(2)

100
20
100
10
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TABLE 10
Analyzed Data (%) Net (g)

N1 Co Ce C O N1 Co Ce C O
47.8 6.1 8.9 1.6 — 47.8 6.1 8.9 1.6 0
75.5 9.5 7.5 1.0 0.005 46.3 5.8 4.6 0.613 0.003
96.9 951 51.7 — —

75.5 9.5 7.5 1.0 — 227 2.84 2.25 0.3 0

65.5 2.9 2.8 — — 3.93 0.174
69.3 119 <0.1 0.005 1.10 25.9 2.87 — — —
97.4 953 0.0 — —

47.8 6.1 8.9 1.6 — 47.8 6.1 8.9 1.6 0

66.2 8.2 10.2 2.2 0.001 47.5 5.9 7.3 1.68 0.001
99.4 96.7 82.0 — —

66.2 8.2 10.17 2.20 —  19.8 2.47 3.050 0.66 0
65.5 2.9 2.8 — — 5.895 0.261 14
87.1 119 <0.1 0.005 1.0 23.6 2.58 — — —
91.7 94.6 0.0 — —

47.8 6.1 8.9 1.6 — 47.8 6.1 8.9 1.6 0
72.5 9.1 77 1.1 0.006 46.3 5.8 4.9 0.7029 0.004
96.9 951 55.1 — —

72.5 9.1 7.7 1.1 —  21.7 2.72 2.30) 0.33 0

65.5 2.9 2.8 — — 3.93 0.174
63.9 119 <0.1 0.0005 0.50 239 2.78 — — —
93.1 96.0 0.0 — —

TABLE 11

Analyzed Data (%) NET (g)
N1 Co Ce C O N1 Co Ce O
1500° C. 47.8 6.1 8.9 1.6 — 47.8 6.1 8.9 0
1 hr, Ar 65.5 2.9 2.8 — — 13.1 0.58 0.56
=999 100
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TABLE 11-continued

Amount
(8)
OUT Recovered Metal 1 166
Doros 1 39.5
Recovered Rate (%)
Oxidation IN Doros 1 30 1500° C.
Fusing Ca Metal 7 1 hr, Ar
CaF, 3
OUT Recovered Metal 1 16.4
Recovered Rate (%)
Reference Fusing IN Pure Cathode 10 1500° C.
Example  Applied Starter N1 Metal 30 1 hr, Ar
OUT Recovered Metal 1 37.6
Recovered Rate (%)
0246| Industrial Use

0247] According to the present invention, it is possible to
provide a safe, simple to use and economically-advanta-
geous recovering process and recovering system for valent
metals with low carbon content in high purity and in high
yield from refuse secondary batteries.

What 1s claimed 1s:

1. A process for recovering valent metals from refuse
secondary batteries, characterized in that the process 1is
constituted by a separating process to mechanically separate
the refuse secondary batteries and to separate them 1nto a
separated cathode material and a separated anode material,
and a process to recover valent metals from the separated
cathode material and the separated anode material obtained
in the separating process.

2. A system for recovering valent metals from refuse
secondary batteries, characterized in that system comprises
a separating means to mechanically separate the refuse
secondary batteries and to separate them into a separated
cathode material and a separated anode material, and a
means to recover valent metals from the separated cathode
material and the separated anode material obtained by the
separating means.

3. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized that
the process comprises a cooling means to refrigerate the
refuse secondary batteries with liquid nitrogen and a first
crushing process to crush the refrigerated refuse secondary
batteries to thereby recover the valent metals from the
crushed batteries.

4. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized in
that the process comprises a water rinsing process to rinse
the crushed material obtained in the crushing process and the
first sieving process to carry out the first sieving.

5. The recovering process for valent metals from refuse
secondary batteries according to claim 4, characterized in
that the process comprises a second sieving process to sieve
the material remained over a sieve 1n the first sieving
process, a second crushing process to crush the material
remained over a sieve 1n the first sieving process and a third
sieving process to sieve the crushed material obtained 1n the
second crushing process.

6. The recovering process for valent metals from refuse
secondary batteries according to claim 5, characterized in

Analyzed Data (%)
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NET (g)

N1 Co Ce C O N1 Co Ce C O
95.8 3.9 <0.1 0.005 0.03 159 8.48 0 0.008 0.050
461 047 23.0 1.82 087 908 3
98.9 972 0.0 — —

461 047 230 0O — 1.383 0.141 6.896 0O 0

— — — — — 0 0 2

3.4 0.8 41.3 0.02 0.05 1.37 0.138 6.78 — —
991 979 983 — —
48.1 0.1 151 1 — 481 1.01 151 0.1 0

>99.9 30

92.3 2.6 <01 0.25 0.008 34.7 0.99 143 0.094 0.003
997 98.0 9477 — —

that the material sieved down in the second sieving process
1s mainly consisted of the separated cathode material.

7. The recovering process for valent metals from refuse
secondary batteries according to claim 6, characterized in
that the separated cathode material 1s mainly consisted of
hydrogen-occluded alloy.

8. The recovering process for valent metals from refuse
secondary batteries according to claim 5, characterized in
that the process comprises a rubbing process to rub a mixture
of a component remained over a sieve 1n the second sieving
process and a component sieved down 1n the third sieving
process, and a wet magnetic separation process to magneti-
cally separate the crushed-material under wet condition
following to subjecting it to the rubbing process.

9. The recovering process for valent metals from refuse
secondary batteries according to claim 8, characterized in
that the component remained over a sieve in the third sieving
process 1s mainly consisted of 1ron scrap, the magnetic
component obtained 1n the wet magnetic separation process
1s mainly consisted of spumous nickel, and the non-mag-
netic component 1s mainly consisted of nickel hydroxade.

10. The recovering system for valent metals from refuse
secondary batteries according to claim 2, characterized in
that the separating means comprises a cooling means to
refrigerate the refuse secondary batteries with liquid nitro-
ogen and a crushing means to crush the refrigerated refuse
secondary batteries to thereby recover the valent metals
from the crushed material.

11. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized 1n
that the process further contains a fusing process to fuse the
separated cathode material separated 1n the separating pro-
cess following to addition of calcium to the separated
cathode material.

12. The recovering process for valent metals from refuse
secondary batteries according to claim 11, characterized 1n
that the additional amount of calcium 1s 1n a range of from
1 to 50 parts by weight based on 100 parts by wieght of the
cathode material.

13. The recovering process for valent metals from refuse
secondary batteries according to claim 11, characterized 1n
that the addition of calcium is carried out following to the
fusing of the separated cathode material.

14. The recovering process for valent metals from refuse
secondary batteries according to claim 11, characterized in
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that nickel 1s added 1nto the separated cathode material as a
starting metal 1n the fusing process.

15. The recovering process for valent metals from refuse
secondary batteries according to claim 11, characterized in

that the fusing process 1s taken place under an atmosphere of
an 1nactive gas.

16. The recovering process for valent metals from refuse
secondary batteries according to claim 11, characterized in
that the separated cathode material 1s crushed and separated
after subjecting the refuse secondary batteries to refrigera-
tion with liquid nitrogen during the mechanical separation
Process.

17. The recovering system for valent metals from a refuse
secondary batteries according to claim 2, characterized in
that the system comprises a fusing means to add calcium 1nto
the separated cathode material separated by the separating
means and then to fuse 1t to recover the valent metals.

18. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized in
that the process comprises an oxidizing process to oxidize
the separated cathode material separated 1n the separating
process at a low temperature.

19. The recovering process for valent metals from refuse
secondary batteries according to claim 18, characterized 1n
that the oxidizing process 1s taken place at a temperature
lower than 300° C. and the oxygen concentration is adjusted
to a range of from 5 to 25%.

20. The recovering process for valent metals from refuse
secondary batteries according to claim 18, characterized in
that nickel hydroxide as an anode material 1s added for the
adjustment of the oxygen concentration.

21. The recovering process for valent metals from refuse
secondary batteries according to claim 18, characterized 1n
that the separated cathode material 1s one being crushed and
separated by means of refrigerating the refuse secondary
batteries with liquid nitrogen during the mechanical sepa-
ration process.

22. The recovering system for valent metals from refuse
secondary batteries according to claim 2, characterized in
that the system comprises an oxidizing means to oxidize the
cathode material separated by the separating means at a low
temperature for recovering the valent metals.

23. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized 1n
that the process comprises a rare earth elements removing
process to add an acid in an amount of 0.1-2.5 times
equivalent based on the weight of the separated cathode
material, which 1s required for dissolving the rare earth
clements, 1n the separating process, a drying process to dry
the cathode material from which the rare earth elements
have been removed, and a fusing process to fuse the dried
cathode material and then to recover the valent metals.

24. The recovering process for valent metals from refuse
secondary batteries according to claim 23, characterized in
that the oxidizing process to gradually oxidize the cathode
material while bubbling air into the aqueous solution 1is
constituted 1n a place prior to the drying process.

25. The recovering process for valent metals from refuse
secondary batteries according to claim 23, characterized in
that the fusing process 1s constituted with the addition of
nickel as a starting metal into the material to be subjected to
the fusing process.

26. The recovering process for valent metals from refuse
secondary batteries according to claim 23, characterized in
that the separated cathode material 1s one being crushed and

Sep. 12, 2002

separated by refrigerating the refuse secondary batteries
with liquid nitrogen during the mechanical separation pro-
CESS.

27. The recovering system for valent metals from refuse
secondary batteries according to claim 2, characterized in
that the system comprises a rare earth elements removing
means to remove rare earth elements after adding an acid in
an amount of 0.1-2.5 times equivalent based on the weight
of the separated cathode material separated by the separating
means, which 1s required for dissolving the rare carth
clements, a drying means to dry the separated cathode
material from which the rare earth elements have been
removed, and a fusing means to fuse the dried cathode
material to recover the valent metals.

28. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized 1n
that the process comprises a reduction fusing process to
reduce and fuse the separated cathode material separated in
the separating process alfter adding either carbon or plastic
into the cathode material and a decarbonizing process to heat
the separated cathode material under an oxidized atmo-
sphere to oxidize and remove carbon contained 1n the valent
metals either prior or following to the reduction fusing
process, thereby recovering the valent metals.

29. The recovering process for valent metals from refuse
secondary batteries according to claim 28, characterized in
that the separated cathode material comprises a refuse anode
material and refuse sintered nickel.

30. The recovering process for valent metals from refuse
secondary batteries according to claim 28, characterized 1n
that the process has a step of adding CaF2 1n the decarbon-
1Z1INg Process.

31. The recovering process for valent metals from refuse
secondary batteries according to claim 28, characterized in
that the oxidizing agent 1s either of oxygen or nickel oxide.

32. The recovering process for valent metals from refuse
secondary batteries according to claim 28, characterized in
that the separated cathode material 1s prepared by crushing
and separation of the refuse secondary batteries following to
the refrigeration of the refuse secondary batteries with liquid
nitrogen during the mechanical separation process.

33. The recovering system for valent metals from refuse
secondary batteries according to claim 2, characterized in
that the system comprises a reduction fusing means to
reduce and fuse the separated cathode material separated by
the separating means after adding either carbon or plastic
into the cathode material and a decarbonizing means to heat
the separated cathode material under an oxidized atmo-
sphere and to oxidize and remove carbon contained in the
valent metals either prior or following to the reduction
fusing process, thereby recovering the valent metals.

34. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized in
that the refuse secondary battery 1s any of nickel-hydrogen
secondary battery, refuse nickel-hydrogen secondary battery
and nickel-cadmium secondary battery.

35. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized in
that the valent metal 1s mainly consisted of hydrogen-
occluded alloy, spumous nickel, nickel hydroxide and 1ron
scrap.

36. The recovering process for valent metals from refuse
secondary batteries according to claim 1, characterized 1n
that the recovering process to recover valent metals 1s taken
place under an atmosphere of an 1nactive gas.
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