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ABSTRACT

Provided is a method for separating copper from nickel
and cobalt, which is capable of efficiently and selectively
separating copper, and nickel and cobalt from an alloy
containing copper, nickel and cobalt such as a highly
anticorrosive alloy that is obtained by subjecting a waste
lithium ion battery to a dry treatment and contains copper,
nickel and cobalt. According to the present invention, an
alloy containing copper, nickel and cobalt is brought into
contact with an acid in the coexistence of a sulfurization
agent, thereby obtaining a solid that contains copper and a

leachate that contains nickel and cobalt.
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METHOD FOR SEPARATING COPPER FROM NICKEL AND COBALT

TECHNICAL FIELD
The present invention relates to a method for separating
copper, nickel and cobalt from an alloy containing copper,

nickel and cobalt.

BACKGROUND ART

A lithium ion battery (hereinafter, also referred to as
"LIB") having characteristics of being lightweight and having
a large output is mounted on a vehicle such as an electrical
vehicle or a hybrid vehicle and an electronic device such as a
mobile phone, a smart phone, or a personal computer.

The LIB has a structure in which a negative electrode
material obtained by fixing a negative electrode active
material such as graphite to a surface using a copper foil as
a negative electrode current collector and a positive
electrode material obtained by fixing a positive electrode
active material such as lithium nickel oxide or lithium cobalt
oxide to a positive electrode current collector formed from an
aluminum foil are loaded inside an exterior can made of a
metal such as aluminum or iron or made of plastic such as

vinyl chloride together with a polypropylene separator formed
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from a porous resin film or the like, and an organic solvent
containing an electrolyte such as lithium hexafluorophosphate
(LiPFg) is impregnated as an electrolytic solution.

When the LIB is assembled in a vehicle, an electronic
device, or the like described above, and then used, the LIB
eventually becomes unusable due to deterioration of an
automobile, an electronic device, or the like, the lifetime of
the LIB, and the like, and the LIB becomes a waste lithium ion
battery (waste LIB). Further, the waste LIB is also generated
as a defective product in production processing from the
beginning in some cases.

Valuable components such as nickel, cobalt, and copper
are contained in these waste LIBs, and it is desire to recover
and recycle the valuable components for the purpose of
effectively utilizing resources.

Generally, in a case where valuable components are tried
to be efficiently recovered from devices, members, oOr
materials formed by metals, a dry treatment using a dry
smelting technique in which those devices, members, or
materials formed by metals are put into a furnace or the like,
are all melted at high temperature, and are separated into
metals of valuables and slag to be thrown on the scrapheap or

the like is considered as a shortcut method.
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For example, Patent Document 1 discloses a method of
recovering valuable metals using a dry treatment. By applying
the method of Patent Document 1 to the waste LIB, a copper
alloy containing nickel and cobalt can be obtained.

This dry treatment has a problem in that energy for
heating to high temperature is required but has an advantage
in that various impurities are treated by a simple process and
can be collectively separated. Further, the obtained slag has
a relatively stable chemical property, and thus also has
advantages in that there is no concern that the slag causes
environmental problems and the slag is easily thrown on the
scrapheap.

However, in a case where the waste LIB is treated by the
dry treatment, a problem arises in that some of valuable
components, particularly, most of cobalt is distributed in
slag, and the recovery loss of cobalt is not avoided.

Further, a metal obtained by the dry treatment is an
alloy in which a valuable component coexists, and in order to
recycle the metal, it i1s necessary to separate each of
components from this alloy and to perform purification to
remove impurities.

As a method for separating an element which has been

generally used in the dry method, a method of performing
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separation, for example, between copper and lead or between
lead and zinc by slowly cooling from a high-temperature
melting state is mentioned. However, in a case where copper
and nickel are main components as in the waste LIB, since
copper and nickel have properties of uniformly melting in all
composition ranges, even if slow cooling is performed, copper
and nickel are only mixed and scolidified in a layer shape and
cannot be separated.

Furthermore, there i1s a purification method in which
nickel is subjected to a disproportional reaction using carbon
monoxide (CO) gas to volatilize and be separated from copper
or cobalt, but since exceedingly poisonous CO gas is used,
safety is difficult to secure.

Further, as a method for separating copper and nickel
which has been industrially performed, a method of subjecting
a mixed matte (sulfide) to crude separation is mentioned. This
method generates a matte containing copper and nickel by a
smelting process, this matte is slowly cooled in the same
manner as in the aforementioned case, and thus the matte is
separated into a sulfide containing a large amount of copper
and a sulfide containing a large amount of nickel. However,
even in this method, a problem arises in that, since

separation between copper and nickel remains at the degree of

Date Recue/Date Received 2022-07-27



10

15

20

crude separation, a separate step such as electrolytic
purification is required in order to obtain high-purity nickel
or copper.

As another method, a method of using a vapor pressure
difference through a chloride has been also reviewed; however,
this method is a process of handling a large amount of
poisonous chlorine and thus there is a problem in that it
cannot be said that this method is a method industrially
suitable for device corrosicon countermeasure, safety
countermeasure, and the like.

Further, the same applies to separation between copper
and cobalt and separation between cobalt and nickel.

As described above, as compared with a wet method,
separation and purification of each element in the dry method
has a drawback in that this method remains at a level of crude
separation or is costly.

On the other hand, a wet treatment using a
hydrometallurgical method using an acid or using a method such
as neutralization or solvent extraction has merits that energy
to be consumed is small, and valuable components to be mixed
are individually separated and can be recovered directly with

a high-purity grade.
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However, in a case where the waste LIB is treated using
the wet treatment, hexafluorophosphate anion of electrolytic
solution components contained in the waste LIB is a refractory
product which cannot be completely decomposed even at a high
temperature and with a high-concentration sulfuric acid, and
is mixed in an acid solution in which valuable components are
leached. Further, since this hexafluorophosphate anion is a
water-soluble carbonic ester, there are problems in that it is
difficult to recover phosphorus or fluorine from the aqueous
solution obtained after valuables are recovered and it is
difficult to suppress discharging of hexafluorophosphate anion
to public sea areas or the like by a drainage treatment.

Further, it is not easy to obtain a solution that can
efficiently leach wvaluable components from the waste LIB with
only an acid and then can be provided to purification. The
waste LIB itself is difficult to leach, and when the leaching
rate of the valuable components is insufficient or the waste
LIB is forcedly leached using an acid having a strong
oxidation power, there are problems in that components such as
aluminum, iron, and manganese which are not recovery targets
are leached in large quantity together with the valuable

components, and the amount of a neutralizing agent added or

Date Recue/Date Received 2022-07-27



10

15

20

the amount of drainage water to be handled for treating the
components is increased.

Further, in a case where a pH of liquid is adjusted or
impurities are neutralized to be immobilized in the
precipitate for undergoing a separation means such as solvent
extraction from an acidic leachate or ion exchange, the amount
of neutralized precipitate generated is also increased, and
thus there are many problems in terms of securement of
treatment places, securement of safety, or the like.

Further, a charge may remain in the waste LIB, and when
the waste LIB is tried to be treated in this state, there is a
concern that heat generation, explosion, or the like is
caused, and a burdensome treatment such as immersion in salt
water to perform discharging is also reguired.

A method cof treating a waste LIB using only a wet
treatment in this way cannot always be alsco said a useful
method.

In this regard, an attempt has been conducted in which
the waste LIB, which is difficult to treat only with the dry
treatment and the wet treatment mentioned above, is treated by
a method of combining the dry treatment and the wet treatment,
that is, the waste LIB is subjected to the dry treatment such

as roasting to remove impurities as much as possible and
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obtain a uniform waste LIB processed material, and this
processed material is subjected to the wet treatment to be
separated into valuable components and other components.

In the method of combining the dry treatment and the wet
treatment, fluorine or phosphorus of the electrolytic solution
are volatilized by the dry treatment to be removed, and
plastic that is a structural component of the waste LIB and a
member made of an organic material such as a separator are
decomposed.

However, a problem of the recovery loss caused by
distributing ccbalt contained in the waste LIB in slag through
the dry treatment as described above still remains.

A method of distributing cobalt as a metal and performing
reducing and melting so as to reduce distribution to the slag
by adjusting atmosphere, temperature, reduction rate, and the
like in the dry treatment is also considered; however, a
problem arises in that the metal obtained by such a method
forms a sparingly soluble and anticorrosive alloy containing
nickel and cobalt using copper as a base this time, and even
when the alloy is tried to be dissolved with an acid in order
to separate and recover valuable components, the alloy is

difficult to dissolve.
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Further, for example, even when the above-described
anticorrosive alloy is dissolved with an acid using chlorine
gas, the obtained dissolved scolution (leachate) contains high-
concentration copper and relatively low-concentration nickel
and cobalt. Of them, nickel and cobalt is separated using a
known method such as solvent extraction without serious
difficulty. However, it is not easy to separate a large amount
of copper from nickel and cobalt with ease and at low cost.

As described above, it is difficult to efficiently
separate only copper, nickel, and cobalt from a waste LIB
containing various components, which are not recovery targets,
in addition to copper, nickel and cobalt that are valuable
components.

Incidentally, the aforementioned problems are present
similarly in a case where copper, nickel and cobalt are
separated from a waste battery containing copper, nickel, and
cobalt other than the waste LIB and are also present similarly
in a case where copper, nickel and cobalt are separated from
an alloy containing copper, nickel and cobalt to be derived
from those other than the waste battery.

Patent Document 1: Japanese Unexamined Patent

Application, Publication No. 2012-172169
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Patent Document 2: Japanese Unexamined Patent Application,

Publication No. S63-259033

SUMMARY

Certain exemplary embodiments provide a method for
separating copper from nickel and cobalt, the method
comprising bringing an allcoy containing copper, nickel and
cobalt into contact with an acid comprising hydrochloric acid
and with a sulfurization agent to obtain copper sulfide and a
leachate containing nickel and cobalt, wherein the acid
comprising hydrochloric acid and the sulfurization agent are
brought into contact with the alloy at the same time, or the
sulfurization agent is brought into contact with the alloy and
then the acid is brought into contact with the alloy.

Other exemplary embodiments provide a method for
separating copper from nickel and cobalt, the method
comprising bringing an alloy containing copper, nickel and
cobalt into contact with an acid and with a sulfurization
agent to obtain copper sulfide and a leachate containing
nickel and cobalt, wherein the alloy containing copper, nickel
and cobalt is an alloy obtained by heat-melting and reducing
scraps of a lithium ion battery, and wherein the acid and the

sulfurization agent are brought into contact with the alloy at

10
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the same time, or the sulfurization agent is brought into
contact with the alloy and then the acid is brought into

contact with the alloy.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

The present invention was made in view of such
circumstances, and an object thereof is to provide a method
for separating copper from nickel and cobalt, which is capable
of efficiently and selectively separating copper, nickel and
cobalt from an alloy containing copper, nickel and cobalt such
as a highly anticorrosive alloy that is obtained by subjecting
a waste lithium ion battery to a dry treatment and contains
copper, nickel and cobalt.
Means for Solving the Problems

The present inventors have conducted intensive studies in
order to solve the above-described problems. As a result, the
present inventors have found that by bringing an alloy
containing copper, nickel and cobalt into contact with an acid
in the coexistence of a sulfurization agent, copper leached
from the alloy containing copper, nickel and cobalt can be
precipitated as copper sulfide (solid) and the leached nickel

and cobalt can be allowed to remain in a leachate, so that

11
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copper, nickel and cobalt can be efficiently and selectively
separated from the alloy containing copper, nickel and cobalt,
thereby completing the present invention. That is, the present
invention provides the following.

(1) A first invention of the present invention is a
method for separating copper from nickel and cobalt, the
method including bringing an alloy containing copper, nickel
and cobalt into contact with an acid in the coexistence of a
sulfurization agent to obtain a solid containing copper and a
leachate containing nickel and cobalt.

(2) A second invention of the present invention is the
method for separating copper from nickel and cobalt described
in the first invention, in which the acid is hydrochloric acid.

(3) A third invention of the present invention is the
method for separating copper from nickel and cobalt described
in the first or second invention, in which the sulfurization
agent is one or more kinds selected from sulfur, hydrogen
sulfide gas, sodium hydrogen sulfide and sodium sulfide.

(4) A fourth invention of the present invention is the
method for separating copper from nickel and cobalt described
in any one of the first to third inventions, in which the acid
and the sulfurization agent are brought into contact with the

alloy containing copper, nickel and cobalt at the same time or
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the sulfurization agent is brought into contact with the alloy
containing copper, nickel and cobalt and then the acid is
brought into contact with the alloy.

(5) A fifth invention of the present invention is the
method for separating copper from nickel and cobalt described
in any one of the first to fourth inventions, in which the
alloy containing copper, nickel and cobalt is an alloy
obtained by heat-melting and reducing scraps of a lithium ion
battery.

(6) A sixth invention of the present invention is the
method for separating copper from nickel and cobalt described
in any one of the first to fifth inventions, in which the
alloy containing copper, nickel and cobalt is a powdery
material and a particle size of the alloy containing copper,
nickel and cobalt is 300 um or less.

(7) A seventh invention of the present invention is the
method for separating copper from nickel and cobalt described
in any one of the first to sixth inventions, in which the
solid containing copper and the leachate containing nickel and
cobalt are separated, and then copper remaining in the
leachate containing nickel and cobalt is removed.

(8) An eighth invention of the present invention is the

method for separating copper from nickel and cobalt described

13
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in the seventh invention, in which copper remaining in the
leachate containing nickel and cobalt is removed by one or
more methods selected from sulfurization, electrolytic winning
and neutralization precipitation.

Effects of the Invention

According to the present invention, copper, nickel and
cobalt can be efficiently and selectively separated from an
alloy containing copper, nickel and cobalt, and for example,
nickel and cobalt can be selectively separated from a
sparingly soluble copper alloy, which is obtained by heat-
melting and reducing a waste lithium ion battery and contains
nickel and cobalt, and can be efficiently and selectively
separated from copper.

Further, nickel and cobalt separated from the alloy by
the present invention can be separated by a known method and
can be effectively recycled as metals or salts of high-purity
nickel and cobalt, respectively. In addition, copper separated
from the alloy is in the form of a sulfide suitable for copper
smelting, and can be put directly into a converter furnace of
a copper smelting furnace or the like and treated by & means
such as electrolytic purification so that high-purity copper

can be recovered.

14
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a relation between a
hydrochloric acid equivalent added in the case of a leaching
temperature of 95°C and leaching rates of copper, nickel, and
cobalt.

Fig. 2 is a diagram showing a relation between a
hydrochloric acid equivalent added in the case of a leaching
temperature of 75°C and leaching rates of copper, nickel, and

cobalt.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

Hereinafter, embodiments of the present invention will be
described. Incidentally, in the present specification, the
notation "X to ¥Y" (X and Y are arbitrary numerical values)
means "X or more and Y or less."

A method for separating copper from nickel and cobalt
according to this embodiment (hereinafter, simply referred to
as "separating method"™) is a method for separating copper,
nickel and cobalt from an alloy containing copper, nickel and
cobalt (hereinafter, also simply referred to as "alloy").
Specifically, in this separating method, an alloy containing

copper, nickel and cobalt is brought into contact with an acid
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in the coexistence of a sulfurization agent to obtain a solid
containing copper and a leachate containing nickel and cobalt.

The treatment target of the separating method according
to this embodiment is an alloy containing copper, nickel and
cobalt. As the alloy, for example, an alloy obtained by heat-
melting and reducing a waste battery such as scraps of a
lithium ion battery generated according to disposal of an
automobile, an electronic device, or the like due to
deterioration or the lifetime of the lithium ion battery (also
referred to as "waste lithium ion battery"™), that is, an alloy
obtained by subjecting a waste battery to a dry treatment is
exemplified.

Further, a material which is obtained by casting the
alloy obtained by heat-melting and reducing the waste battery,
for example, in a plate shape may be a treatment target of the
separating method of this embodiment. Further, a powdery
material such as alloy powder obtained by applying an
atomization method to the molten metal of the alloy obtained
by heat-melting and reducing the waste battery (hereinafter,
this alloy powder is also referred to as "atomized powder" for
descriptive purposes) may be a treatment target. Incidentally,
the atomization method is a method of bringing the molten

metal into contact with high-pressure gas or water to be
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scattered and rapidly cooled (solidified) to obtain powder.
Other than, a material which is drawn in a line shape and
appropriately cut to be formed in a rod material may be a
treatment target.

When the treatment target is a powdery material, the
particle size of the alloy is approximately 300 um or less,
which is preferable since the alloy is easily treated.
Meanwhile, when the particle size of the alloy is too small,
since cost is increased and dust generation or ignition is
caused, the particle size of the alloy is preferably
approximately 10 um or more.

The alloy obtained by subjecting the lithium ion battery
to the dry treatment is a sparingly soluble and anticorrosive
copper alloy and it is conventionally difficult to efficiently
and selectively separate copper, nickel, and cobalt from this
alloy, but by the separating method according to this
embodiment, it is possible to efficiently and selectively
separate copper, nickel, and cobalt.

Incidentally, the waste battery in the present
specification means a defective product in production
processing as well as a used battery. Further, it is
sufficient to include a waste battery in the treatment target,

and appropriate addition of other metals, resins, and the like
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other than the waste battery is not excluded. In this case,
other metals and resins are included in the waste battery in
the present specification.

In this embodiment, such an alloy is brought into contact
with an acid in the coexistence of a sulfurization agent.
According to this, copper leached from the alloy can be
precipitated as a copper sulfide, thereby obtaining a solid
containing copper. On the other hand, leached nickel and
cobalt remain in the leachate. According to this, as described
in Examples, copper, nickel and cobalt can be efficiently and
selectively separated. Since copper is precipitated as a
sulfide, it can be configured that most of copper does not
exist in the leachate and nickel and cobalt exist at a very
high ratio in an acidic solution (leachate). Therefore,
according to the present invention, selectivity is wvery high
and copper, nickel and cobalt can be separated from each
other.

The reaction generated by bringing the alloy into contact
with a sulfurization agent and an acid is represented in the
following reaction formulas. In the following formulas, an
example in which a solid sulfur (S) is used as the
sulfurization agent and hydrochloric acid is used as the acid

is described. As represented in the following formulas, the
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alloy is brought into contact with a sulfurization agent and
reacted to generate a leached copper sulfide. Further, nickel
and cobalt are leached with the acid and exist as ions in the
leachate. Incidentally, even in a case where leached nickel
and cobalt are reacted with the sulfurization agent to
generate a sulfide, since the acid exists, sulfides of nickel
and cobalt are decomposed and nickel and cobalt exist in the
leachate.

Reaction formulas

Cu + S > CuS (1)

Ni + 2HC1l - NiCl, + H, (2)

NiS + 2HC1 - NiCl, + H,S (2)°

Co + 2HC1 - CoCl, + Hy, (3)

CoS + 2HC1 - CoCl, + H,S (3)'

As the sulfurization agent, elemental sulfur can be used,
but a liquid or gaseous sulfurization agent such as sodium
hydrogen sulfide (hydrogenated sodium sulfide), sodium
sulfide, or hydrogen sulfide gas may be used.

As the acid, acids such as hydrochloric acid, sulfuric
acid, and nitric acid can be used singly or as a mixture.
Further, chloride is contained in sulfuric acid and this may
be used as an acid. When hydrochloric acid having a lower

concentration than the sulfuric acid concentration in a

19
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sulfuric acid solution or a chloride, which does not affect
the nickel/cobalt separation step that is the subsequent step,
is added to the sulfuric acid solution, leaching can be more
efficiently performed as compared with the case of using
sulfuric acid singly, which is preferable. Further, in the
case of using sulfuric acid, when oxygen, air, or an oxidizing
agent such as hydrogen peroxide is added, leaching is
promoted, which is preferable.

In the case of using hydrochloric acid or sulfuric acid
as an acid, regarding the amount of the acid to be brought
into contact with the alloy is, for example, the acid is used
in an amount of 1 equivalent or more obtained by the above
Formulas (2) and (3), or the like, preferably in an amount of
1.2 equivalent or more, and more preferably in an amount of
1.2 equivalent or more and 11 equivalent or less, with respect
to the total amount of nickel and cobalt contained in the
alloy. Incidentally, by increasing the acid concentration, the
reaction rate can be increased.

Further, regarding the amount of the sulfurization agent,
the sulfurization agent is used preferably in an amount of 1
equivalent or more obtained by the above Formula (1) with

respect to the amount of copper contained in the alloy.
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The ratio of the mass of the alloy to the concentration
of a slurry obtained, for example, by adding an acid and a
sulfurization agent to the alloy, that is, the volume of the
slurry (the mass of the alloy containing copper, nickel and
cobalt/the volume of the slurry) is preferably 20 g/l or more.

The reaction temperature is, for example, 50°C or higher,
preferably 75°C or higher, and more preferably 95°C or higher,
and it is preferable to maintain the reaction temperature
during the reaction. The reaction rate can be significantly
increased at 95°C or higher, for example, as compared with the
reaction at lower than 75°C. Further, the reaction time is,
for example, 1 to 6 hours.

Incidentally, it is preferable that the acid and the
sulfurization agent are brought into contact with the alloy at
the same time or the sulfurization agent is first brought into
contact with the alloy and then the acid is brought into
contact with the alloy. When the acid is brought into contact
with the alloy in a state where the sulfurization agent does
not exist, as in conventional cases, there is a case where the
leaching rates of valuable components are not sufficient and
components, which are not recovery targets, such as iron

partially contained in the alloy are leached, there is a
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disadvantage in that a load in the subsequent purification
step is increased.

The method of bringing an acid and a sulfurization agent
into contact with the alloy is not particularly limited, and
for example, the alloy or the sulfurization agent may be added
to the acid and mixed, and as necessary, may be stirred.
Further, in order to bring the sulfurization agent into
contact with the alloy, a means for containing or applying a
solid sulfurization agent into the alloy in the dry treatment
may be used.

According to this embodiment, copper, nickel and cobalt
can be separated from each other, but in a case where some of
copper leached from the alloy remains in the leachate, when
this copper is directly discharged from a leaching facility or
the like, a load in the step of separating nickel and cobalt
is increased, which is not preferable.

For this reason, a copper removing facility, which
removes copper remaining in the leachate, may be provided at
an outlet of a reaction tank in which the separating method of
this embodiment is performed, copper removal may be completely
performed, and the resultant product may be supplied to the
step of separating nickel and cobalt. Examples of the method

of removing copper remaining in the leachate include
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generation of the neutralized precipitate by addition of a
sulfurization agent, electrolytic winning, or addition of a
neutralizing agent.

As described above, by the method for separating copper
from nickel and cobalt of this embodiment, copper in the alloy
containing copper, nickel and cobalt is sulfurized to form a
leach residue as a copper sulfide, and thus copper can be
efficiently and selectively separated from nickel and cobalt
remaining in the leachate.

Incidentally, the copper sulfide obtained by the method
for separating copper from nickel and cobalt of this
embodiment is supplied as a raw material of the existing
copper smelting process without any changes to obtain an anode
and this anode is subjected to electrolytic purification so
that high-purity copper can be obtained.

Further, nickel and cobalt leached in the leachate are
supplied to the existing nickel smelting process, nickel and
cobalt are separated from each other using a means such as
solvent extraction and subjected to electrolytic winning to
obtain a nickel metal and a cobalt metal or to be purified as
a nickel salt and a cobalt salt, so that nickel and cobalt can

be recycled again as raw materials of a lithium ion battery.
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EXAMPLES

Hereinafter, the present invention will be described in
detail by means of Examples, but the present invention is not
limited to the following Examples at all.

(Examples 1 to 14) Hydrochloric acid

A waste lithium ion battery (waste LIB) was provided to a
dry treatment of heat-melting and reducing the waste LIB to
obtain a molten metal of the alloy containing copper, nickel
and cobalt, this molten metal was poured into a small crucible
having a hole formed on the bottom surface, the molten metal
flowing out from the hole was blown by high-pressure gas or
water, and the molten metal was scattered and solidified,
thereby obtaining an atomized powder. Further, the obtained
atomized powder was subijected to sieving to obtain a powdery
alloy powder having a particle size of 300 um or less. The
obtained alloy powder is analyzed using an ICP analyzer and
results thereof are shown in Table 1.

Next, 1.0 g of the alloy powder was collected in each
Example. Further, in each Example, 0.35 g of elemental sulfur
(a solid of sulfur) that becomes 1 equivalent forming a copper
sulfide represented by the above Formula (1) with respect to

the copper grade in the alloy powder was prepared.
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Further, in each Example, a solution obtained by
fractionating hydrochloric acid in an amount of 1.5 equivalent
to 11 equivalent that is calculated in the above Formula (2)
and Formula (3) with respect to the total amount of nickel and
cobalt contained in the alloy powder and then diluting the
hydrochloric acid by 50 ml was prepared.

The respective solutions were heated to 50°C, 75°C, and
95°C, and each of 1.0 g of the alloy powder and each of 0.35 g
of the sulfur were respectively added at the same time and
stirred for 1 hour to 6 hours. After stirring for each time
duration, filtration was performed to separate a solid and a
ligquid, the filtrate was analyzed using an ICP analyzer, and
concentrations of respective components of copper, nickel,
cobalt, iron, and sulfur were obtained. The above-described
leaching conditions of respective Examples and ICP measurement
results are shown in Table 2. In Table 2, the stirring time is
described as "time" and the increasing temperature is
described as "temperature”. The mass of the filtration residue
and the fluid volume, pH, and oxidation-reduction potential
ORP (based on silver/silver chloride electrode) after
filtration are measured and results thereof are also shown in
Table 2. Further, leaching rates of respective elements of

copper, nickel, cobalt, and iron are obtained and results
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thereof are shown in Table 3. The leaching rate was obtained
by dividing the mass of a target element in the filtrate by
the mass of the target element in the atomized powder.
Further, a relation between a hydrochloric acid equivalent
added in the case of a leaching temperature of 95°C and
leaching rates of copper, nickel, cobalt is shown in Fig. 1
and a relation between a hydrochloric acid equivalent added in
the case of a leaching temperature of 75°C and leaching rates
of copper, nickel, cobalt is shown in Fig. 2.

As shown in Tables 2 and 3 and Figs. 1 and 2, in
Examples 1 to 14, even when the reaction temperature, the
hydrochloric acid amount, and the reaction time were changed,
the leaching rate of copper was suppressed to 2.2% or less,
and depending on the reaction temperature, the hydrochloric
acid amount, and the reaction time, the leaching rate of
copper was suppressed to less than 1%. On the other hand, the
leaching rates of nickel, ccbalt, and iron were considerably
higher than the leaching rate of copper in each Example, and
depending on the reaction temperature, the hydrochloric acid
amount, and the reaction time, 90% or more thereof was
leached. From these results, it was possible to confirm that
by bringing an alloy containing copper, nickel and cobalt into

contact with hydrochloric acid in the coexistence of a
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sulfurization agent,

copper is precipitated as a copper

sulfide, nickel and cobalt are selectively leached in the

leachate,

efficiently and selectively separated from the alloy.

and thus copper,

nickel and cobalt can be

[Table 1]
ICP analytical wvalue(%)
Cu Ni Co e Mn 5
Atomized powder 76% 12% 12% 1.5% 0.06% <0.1%

Date Recue/Date Received 2022-07-27
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[Table 3]

Leaching rate

(filtrate/atomized powder)

Cu Ni Co Fe
Example 1 0.0% 95% 98% 93%
Example 2 2.2% 98% 99% 95%
Example 3 0.0% 94% 97% 94%
Example 4 0.0% 68% T0% T0%
Example 5 0.1% 100% 100% 97%
Example 7 0.1% 28% 28% 29%
Example 8 0.0% Ho% 59% BB%
Example 9 0.0% 7% T7% T78%
Example 10 0.0% 89% 92% 92%
Example 11 0.0% 8% 8% 10%
Example 12 0.0% 35% 36% 38%
Example 13 0.1% 29% 29% 30%
Example 14 0.0% B4% 85% 81%

(Comparative Example 1) Hydrochloric acid

1.0 g of alloy powder having a particle size of 300 um or
less obtained in the same manner as in Example 1 was
collected. Next, a solution obtained by diluting hydrochloric
acid in an amount of 3.7 equivalent with respect to the total
amount of nickel and cobalt contained in the alloy powder by
15 ml was prepared and this solution was heated to 75°C.

Next, 1.0 g of the alloy powder was added and stirred for
2 hours. Thereafter, filtration was performed to separate a
solid and a ligquid, the filtrate was analyzed using an ICP
analyzer, and concentrations of respective components of
copper, nickel, cobalt, iron, and sulfur were obtained. The

above—-described leaching conditions and ICP measurement

29
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results are shown in Table 4. The fluid volume after
filtration is measured and results thereof are also shown in
Table 4. Further, leaching rates of respective elements of
copper, nickel, cobalt, and iron are obtained and results
thereof are shown in Table 5.

As a result, as shown in Tables 4 and 5, the leaching
rates of all of copper, nickel, cobalt, and iron were from
about 50% to 60%, these were not sufficient values as leaching
rates of valuable components, the respective elements were
merely leached uniformly at the same time, and separation
between valuable components and unnecessary recovery

components was also not sufficient.
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[Table 5]

Leaching rate
(filtrate/atomized powder)

Date Recue/Date Received 2022-07-27

Cu Ni Co Fe
Comparative | g, 60% 61% 61%
Example 1
32




CLAIMS

1. A method for separating copper from nickel and cobalt,
the method comprising bringing an alloy containing copper,
nickel and cobalt into contact with an acid comprising
hydrochloric acid and with a sulfurization agent to obtain
copper sulfide and a leachate containing nickel and cobalt,
wherein the acid comprising hydrochloric acid and the
sulfurization agent are brought into contact with the alloy at
the same time, or the sulfurization agent is brought into
contact with the alloy and then the acid is brought into

contact with the alloy.

2. The method for separating copper from nickel and cobalt
according to claim 1, wherein the sulfurization agent
comprises one or more of sulfur, hydrogen sulfide gas, sodium

hydrogen sulfide and sodium sulfide.

3. A method for separating copper from nickel and cobalt,
the method comprising bringing an alloy containing copper,
nickel and cobalt into contact with an acid and with a
sulfurization agent to obtain copper sulfide and a leachate

containing nickel and cobalt,
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wherein the alloy containing copper, nickel and cobalt is
an alloy obtained by heat-melting and reducing scraps of a
lithium ion battery, and

wherein the acid and the sulfurization agent are brought
into contact with the alloy at the same time, or the
sulfurization agent is brought into contact with the alloy and

then the acid is brought into contact with the alloy.

4, The method for separating copper from nickel and cobalt
according to any one of claims 1 to 3, wherein the alloy
containing copper, nickel and cobalt is a powdery material and
a particle size of the alloy containing copper, nickel and

cobalt is 300 um or less.

5. The method for separating copper from nickel and cobalt
according to any one of claims 1 to 4, wherein the copper
sulfide and the leachate containing nickel and cobalt are
separated, and then copper remaining in the leachate

containing nickel and cobalt is removed.

6. The method for separating copper from nickel and cobalt
according to claim 5, wherein copper remaining in the leachate

containing nickel and cobalt is removed by one or more of
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sulfurization, electrolytic winning, and neutralization

precipitation.
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