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ABSTRACT

Disclosed is an aqueous cobalt chloride solution
refinement method for bringing metallic nickel into contact
with an aqueous solution containing cobalt chloride to remove
an impurity by a cementation reaction, in which the metallic
nickel is washed with an acidic liquid having a pH of not more
than 2.5 before the metallic nickel is brought into contact with
the aqueous solution containing cobalt chloride. Since the
metallic nickel is washed with the acidic liquid having a pH
of not more than 2.5, a passive film on a surface of the metallic
nickel is removed. The passive film is removed from the
metallic nickel, and therefore, when the metallic nickel comes
in contact with the aqueous sclution containing cobalt chloride,
an impurity more noble than the metallic nickel can be

precipitated by the cementation reaction.
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DESCRIPTION
TITLE OF THE INVENTION: AQUEOUS COBALT CHLORIDE SOLUTION

REFINEMENT METHOD

TECHNICAL FIELD
[0001]
The present invention relates to an aqueous cobalt

chloride solution refinement method.

BACKGROUND ART
[0002]

Cobalt is a rare metal and is a valuable metal used as
a material of an alloy. Cobalt is also used as an electrode
material for batteries other than alloys. For example, cobalt
is also used for a positive electrode material of a lithium ion
battery, which is a nonaqueous electrolyte secondary battery
for in-vehicle use that has been developed recently.

[0003]

When producing a positive electrode material of the
lithium ion battery which is the nonaqueous electrolyte
secondary battery, a metal hydroxide called a precursor
prepared by neutralizing an aqueous solution of a metal salt
mixed at a predetermined ratio is generally formed. When the
precursor and a 1ithium compound are mixed and fired, a positive

electrode material is produced. In production of a positive
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electrode material containing cobalt, a salt containing cobalt
(for example, a cobalt salt such as cobalt sulfate or cobalt
chloride) is used when the above-described aqueous solution of
a metal salt is produced.

[0004]

The above-described cobalt salt can be obtained as a
by-product in a process of smelting nickel ore and the like.
Specifically, wet processing is employed for refinement of
impurities, and a cobalt salt is generated from a cobalt salt
solution produced at the processing. However, in addition to
nickel and cobalt, nickel ore and the like contain various kinds
of impurities such as manganese, iron, copper and chromium. If
the cobalt salt solution also contains impurities, the
impurities may be mixed into the cobalt salt. If the cobalt
salt containing impurities is used for producing the positive
electrode material, impurities may be mixed into the positive
electrode material.

[0005]

The presence of impurities in the positive electrode
material greatly affects the performance of the positive
electrode material, that is, battery characteristics. In
particular, since the lithium ion battery as described above
has a high capacity and a high voltage, the presence of a trace
amount of impurities greatly affects the battery

characteristics, and therefore, specifications of impurities
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of raw materials such as a cobalt salt are controlled extremely
strictly. Inparticular, since copper is an important impurity
which greatly affects the performance of the battery, it is
required to strictly control the amount of copper contained in
raw materials such as a cobalt salt.

[0006]

As a method for reducing impurities such as copper
contained in the cobalt salt, methods such as a solvent
extraction method and an electrolytic method have been known.
In other words, when copper is removed from the cobalt salt
solution by the solvent extraction method or the electrolytic
method, the copper concentration in the cobalt salt solution,
that is, the amount of copper contained in the cobalt salt can
be reduced. However, these methods cannot significantly lower
the lower 1imit concentration of separable copper. In addition,
these methods require a large scale apparatus such as a solvent
extraction apparatus such as a mixer settler, an electrolytic
cell, and a power source, so that there is a problem that the
cost of equipment investment increases and the processing cost
increases.

[0007]

As a simpler method than the solvent extraction method
and the electrolytic method, there is a precipitation method.
In the precipitation method, a neutralizing agent, a

sulfurizing agent and the like are added to generate a
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precipitate and to separate impurities, and this method has been
widely used for wastewater treatment for heavy metals such as
copper and the like.

[0008]

In a sulfurization method of precipitating and removing
copper as a sulfide using a sulfurizing agent, the solubility
of copper sulfide is very small (water solubility: 18°C, 3.4
x 107% g/L), and there is an advantage that the concentration
of copper in a solution can be greatly reduced. However, since
a harmful hydrogen sulfide gas is used as a sulfurizing agent,
securement of the safety of workers and environmental measures
are required. Although various efforts have been made to
control hydrogen sulfide (for example, Patent Document 1), the
device configuration is complicated, so that there is a problem
that the cost for an incidental facilities increases.

[0009]

It is also conceivable to employ a neutralization
precipitationmethod in which an alkali such as sodium hydroxide
is added to form hydroxide precipitates of heavy metals and
remove them. In the case of removing copper by the
neutralization precipitation method, the pH of a solution is
usually adjustedwithin the range of pH 8 to 12 from the viewpoint
of solubility (for example, Non-Patent Document 1). However,
since cobalt also precipitates in the same pH range, cobalt

precipitates together with copper when the neutralization
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precipitation method is used for a cobalt salt solution, and
cobalt is lost. In order to reduce the loss of cobalt, it is
conceivable to remove copper in a pH range lower than the above
range. Althoughit is possible to precipitate copper hydroxide
at a pH less than pH 8, the solubility increases. Thus, the
concentration of copper in the cobalt salt solution cannot be
significantly reduced. Specifically, in order to prevent the
loss of cobalt, it is necessary to set the solubility of cobalt
to not less than 100 g-Co/L, and since the solubility product
of cobalt is 2.2 x 10716, the pH must be pH 6 or less. On the
other hand, the solubility product of copper is 2.2 x 10729, and
since the solubility of copper is 14 mg-Cu/L at pH 6, the
separation property of copper is deteriorated.

[0010]

In addition, it is conceivable to remove copper by a
cementation method (substitution method). In the cementation
method, metal ions to be removed are reduced by an electrically
base metal and removed. Accordingly, copper canbe removed from
a solution by using ametal less noble than copper. For example,
cobalt is a metal less noble than copper, so that when cobalt
metal is used, copper in a cobalt chloride solution can be
precipitated and removed.

[0011]
In the cementation method, since the base metal used is

ionized and dissolved in the solution, it is necessary to use
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a metal which does not cause problems even when dissolved.
However, since the above-described cobalt metal is a material
of a positive electrode material, even if the cobalt metal
remains in a cobalt salt solution, it does not affect electrode

performance.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0012]
Patent Document 1: WO 2003/20647
[0013]
Non—-Patent Document 1: “Lectures on Water Treatment
Technology” written by Fumitaka Yoshimura, published by

Gijutsu-Hyohron Co., Ltd., issued in 2011

SUMMARY
[0013a]

Certain exemplary embodiments provide an aqueous cobalt
chloride solution refinement method for bringing metallic
nickel into contact with an aqueous solution containing cobalt
chloride to remove an impurity by a cementation reaction,
wherein the aquecus solution containing cobalt chloride has a
pPH of not less than 1.5 and not more than 2.5, and the metallic

nickel is washed with an acidic liquid having a pH of not more
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than 2.5 before the metallic nickel is brought into contact with
the aqueous solution containing cobalt chloride.
[0014]

However, cobalt metal is usually distributed as a cobalt
plate, and it is difficult to obtain cobalt metal in a highly
reactive powder or briquette shape. 1In other words, in the case
of separating copper from a cobalt salt solution by cementation
with use of cobalt metal, copper can only be separated by using
a low reactive cobalt plate, so that the efficiency of removing
copper is deteriorated.

[0015]

In order to improve the reactivity, a method of raising
the liquid temperature of the cobalt salt solution is considered.
In other words, when cementation is performed with a cobalt
plate in a state where the cobalt salt solution is warmed, there
is a possibility that the reactivity between the cobalt plate
and copper can be increased. However, in order to warm the
cobalt salt solution, energy for the warming and equipment for
the warming are necessary, and this leads to cost increase.
[0016]

Moreover, since the cementation reaction is an exothermic
reaction, the liquid temperature of the cobalt salt solution
rises along with the reaction. When the cobalt salt solution
is operated in a warmed state, there is a possibility that the

liquid temperature rises excessively by heat generation due to
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the reaction. Then, the cementation reaction is further
accelerated, so that countermeasures against hydrogen gas
generated during the reaction are required, and precipitated
copper tends to become a fine powder. Even when copper which
has become a fine powder is precipitated, the copper tends to
be redissolved in the cobalt salt solution, and there is a
possibility that the copper concentration in the cobalt salt
solution cannot be sufficiently lowered. Particularly in the
case of a cobalt chloride solution, the tendency of a copper
fine powder to be redissolved is remarkable, and copper
precipitated in a fine powder state tends to be oxidized, so
that there is a problem such as easiness of heat generation after
recovery.

[0017]

Accordingly, in the present situation, when copper is
removed from a cobalt salt solution, the operation efficiency
is lowered in order to stably reduce the copper concentration
without increasing the cost of equipment investment; however,
removal of copper by the cementation reaction using a low
reactive cobalt plate has been carried out.

[0018]

In view of the above circumstances, it is an object of
the present invention to provide an aqueous cobalt chloride
solution refinement method that can remove impurities

efficiently from a cobalt salt solution.
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MEANS FOR SOLVING THE PROBLEMS
[0019]

According to a first aspect, an aqueous cobalt chloride
solution refinement is a method for bringing metallic nickel
into contact with an aqueous solution containing cobalt
chloride to remove an impurity by a cementation reaction, in
which the aqueous solution containing cobalt chloride has a pH
of not less than 1.5 and not more than 2.5, and the metallic
nickel is washed with an acidic liquid having a pH of not more
than 2.5 before the metallic nickel is brought into contact with
the aqueous solution containing cobalt chloride.

According to a second aspect, in the aqueous cobalt
chloride solution refinement method of the first aspect, the
aqueous solution containing cobalt chloride at room temperature
is brought into contact with the metallic nickel.

According to a third aspect, in the aqueous cobalt
chloride solution refinement method of the first or second
aspect, the impurity is copper.

According to a fourth aspect, in the aqueous cobalt
chloride solution refinement method of any one of the first to
third aspects, the aqueous solution containing cobalt chloride
from which the impurity has been removed is a solution used as
a raw material of a positive electrode material containing in
the composition of the positive electrode material nickel and

cobalt in a nonaqueous electrolyte secondary battery.
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According to a fifth aspect, in the aqueous cobalt
chloride solution refinement method of the fourth aspect, the
aqueous solution containing cobalt chloride is a process liquid
in a nickel smelting process, and the aqueous solution
containing cobalt chloride from which the impurity has been
removed is used in a liquid state as a raw material of the
positive electrode material.

According to a sixth aspect, in the aqueous cobalt
chloride solution refinement method of the first, second, third,
fourth, or fifth aspect, the aqueous solution containing cobalt
chloride at a liquid temperature of 10 to 40°C is brought into

contact with the metallic nickel.

EFFECT OF THE INVENTION
[0020]

According to the first aspect, since the metallic nickel
is washed with the acidic liquid having a pH of not more than
2.5, apassive filmona surface of themetallicnickel is removed.
The passive film is removed from the metallic nickel.
Accordingly, when the washed metallic nickel is brought into
contact with the aqueous solution containing cobalt chloride
havingapH of not less than 1.5 and not more than 2.5, an impurity
more noble than the metallic nickel can be precipitated by the
cementation reaction. In addition, since the metallic nickel

is only washed with acid to be brought into contact with the

10
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aqueous solution containing cobalt chloride, the impurity can
be easily removed from the aqueous solution containing cobalt
chloride.

According to the second aspect, since the aqueous cobalt
chloride solution is brought into contact with the metallic
nickel at room temperature, it is not necessary to warm the
aqueous cobalt chloride solution. Accordingly, since
equipment for warming is unnecessary, there is no need to
increase the cost of equipment investment. In addition, even
when the cementation reaction occurs, the liquid temperature
of the aqueous cobalt chloride solution does not rise
excessively, so that stable operation can be performed.

According to the third aspect, since copper is removed
to a low concentration, the concentration of copper contained
in a cobalt salt produced from the agqueous cobalt chloride
solution can be lowered. Accordingly, the refined aqueous
cobalt chloride solution can be used for producing a cobalt salt
suitable for a raw material for producing a material adversely
affected by the presence of copper, like a material of a
nonaqueous electrolyte secondary battery.

According to the fourth aspect, the concentration of the
impurity in the aqueous cobalt chloride solution can be
drastically lowered while the aqueous cobalt chloride solution
can be an aqueous solution containing nickel. Accordingly, the

refined aqueous cobalt chloride solution can be used as a raw

11
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material of a positive electrode material containing in the
composition of the positive electrode material nickel and
cobalt in a nonaqueous electrolyte secondary battery.

According to the fifth aspect, when an impurity such as
copper is treated, the refined aqueous cobalt chloride solution
can be used as it is as a raw material of a positive electrode
material containing in the composition of the positive
electrode material nickel and cobalt in a nonagueous
electrolyte secondary battery. Accordingly, it is not
necessary to produce a cobalt salt from the process liquid in
the nickel smelting process, so that it is possible to obtain
an advantage that the production of the positive electrode
material of the nonaqueous electrolyte secondary battery can
be efficiently made.

According to the sixth aspect, even when the cementation
reaction occurs, the liquid temperature of the aqueous cobalt
chloride solution does not rise excessively, so that stable

operation can be performed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Fig. 1 is a schematic flow diagram of an aqueous cobalt
chloride solution refinement method according to the present
invention.

Fig. 2 is a graph showing results of examples.

12
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MODE FOR CARRYING OUT THE INVENTION
[0022]

An aqueous cobalt chloride solution refinement method
according to the present invention is a method for removing an
impurity contained in an aqueous solution containing cobalt
chloride and is characterized by being capable of stably
reducing the impurity concentrationwithout increasing the cost
of equipment investment.

[0023]

An aqueous solution (target aqueous solution) from which
an impurity is removed by the aqueous cobalt chloride solution
refinement method according to the present invention may be an
aqgueous solution containing cobalt chloride (hereinafter
simply referred to as an aqueous cobalt chloride solution). For
example, it is possible to use as the target aqueous solution
an aqueous solution (intermediate process liquid in nickel
smelting) generated when impurities are refined by wet
processing in a process of smelting nickel ore and the like or
an aqueous solution generated when wet processing is performed
to recover cobalt from secondary raw materials such as used
batteries, sludge generated from wastewater treatment in the
nickel smelting process, and the like.

[0024]
The use of an aqueous solution (generated aqueous

solution) generated by the aqueous cobalt chloride solution

13
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refinement method according to the present invention is not also
particularly limited. For example, the generated aqueous
solution can be used as a raw material for producing
electrolytic cobalt or cobalt salt, and can also be used as a
raw material of a positive electrode material containing in the
composition thereof cobalt in a nonaqueous electrolyte
secondary battery. As will be described later, since the
generated aqueous solution is an aqueous solution containing
nickel, the generated aqueous solution can be used as a raw
material of a positive electrode material containing in the
composition thereof nickel and cobalt in a nonaqueous
electrolyte secondary battery. For example, the generated
aqueous solution can be used as a raw material of a positive
electrode material of a ternary (NCM) or nickel-based (NCA)
lithium ion battery.

[0025]

In particular, when an intermediate process liquid in
nickel smelting is employed as a target aqueous solution, and
the generated aqueous solution is used as a raw material of a
positive electrode material containing in the composition
thereof cobalt (or nickel and cobalt) in a nonagueous
electrolyte secondary battery, it is possible to obtain an
advantage that production of the positive electrode material
of the nonaqueous electrolyte secondary battery can be

efficiently made.

14
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[0026]

That is, the positive electrode material of the
nonaqueous electrolyte secondary battery is produced by firing
a precursor of a metal hydroxide called a precursor prepared
by neutralizing an aqueous solution of a metal salt mixed at
a predetermined ratio. 1In this case, the aqueous solution of
the metal salt is prepared by dissolving a solid matter (such
as nickel salt or cobalt salt). On the other hand, the solid
matter is produced from an intermediate process liquid innickel
smelting, which contains nickel salt, cobalt salt, or the like.
Thus, nickel salt, cobalt salt, or the like which is in an aqueous
solution state is temporarily solidified and then dissolved
again to prepare an aqueous solution (raw material aqueous
solution) of nickel salt or cobalt salt. Although it is
considered that impurities in the raw material aqueous solution
are reduced relative to the intermediate process liquid in
nickel smelting, it can be considered that this takes extra
labor and cost to form and dissolve the solid matter.

[0027]

However, when the intermediate process liquid in nickel
smelting is used as a target aqueous solution and an agqueous
solution from which impurities have been removed by the aqueous
cobalt chloride solution refinement method according to the
present invention is formed, the generated aqueous solution can

be used as it is as a raw material of a positive electrode
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material. Thus, the process of formingand dissolving the solid
matter can be omitted, so that the production of the positive
electrode material of the nonaqueous electrolyte secondary
battery can be efficiently made.

[0028]

In the aqueous cobalt chloride solution refinement method
according to the present invention, metals more noble than
nickel and cobalt can be removed as impurities. For example,
copper, silver or the like can be removed as an impurity from
an aqueous solution. In particular, when the aqueous cobalt
chloride solution refinement method according to the present
invention is employed in order to remove copper from the aqueous
cobalt chloride solution, copper can be removed to have a low
concentration (for example, approximately 0.5 to 1.0 mg/L).
Thus, since the copper concentration of a cobalt salt produced
from the aqueous cobalt chloride solution can be reduced, it
is possible to produce a cobalt salt suitable for a rawmaterial
for producing a material adversely affected by the presence of
copper, like the material of the nonaqueous electrolyte
secondary battery. In addition, as described above, when the
generated aqueous solution is used as it is as the raw material
of the positive electrode material, copper as an important
impurity that greatly affects the performance of the battery
can be removed to have a low concentration, so that the quality

of the positive electrode material to be produced is improved.

16
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[0029]

Hereinafter, a case where copper is removed as an impurity
from an aqueous cobalt chloride solution will be described as
a representative example. Naturally, other impurities can be
removed in the same way.

[0030]
{(Aqueous cobalt chloride solution refinement method according
to the present invention)

The aqueous cobalt chloride solution refinement method
according to the present invention is a method for removing an
impurity contained in an aqueous solution containing cobalt
chloride (aqueous cobalt chloride solution) by a cementation
reaction.

[0031]

Fig. 1 shows a schematic flow diagram of the aqueous
cobalt chloride solution refinement method according to the
present invention. As shown in Fig. 1, in the aqueous cobalt
chloride solution refinement method according to the present
invention, metallic nickel is brought into contact with an
aqueous cobalt chloride solution containing copper, which is
a target aqueous solution, to remove copper by the cementation
reaction. The chemical formula of this cementation reaction
is shown in Formula 1. As can be seen from Formula 1, the

metallic nickel is dissolved by the cementation reaction to
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become nickel ions, and copper ions are precipitated asmetallic
copper.

Ni + Cu?* — Ni2* + Cu (Formula 1)

[0032]

On the other hand, the metallic nickel usually has on its
surface a passive film as an oxide, and the presence of this
passive film inhibits dissolution of themetallic nickel. Thus,
in the aqueous cobalt chloride solution refinement method
according to the present invention, a washing treatment with
acid is performed before the aqueous cobalt chloride solution
is brought into contact with metallic nickel. Specifically,
the washing treatment is performed with an acidic liquid having
a pH of not more than 2.5. When such a washing treatment with
acid is performed, the passive film formed on the surface of
the metallic nickel is removed by the reaction shown in Formula
2, and nickel atoms are exposed on the surface of the metallic
nickel.

NiO + 2H* — Ni + H,O (Formula 2)
[0033]

As described above, when the nickel atoms are exposed by
removing the passive film, the above-described cementation
reaction can be easily caused by bringing the aqueous cobalt
chloride solution into contact with the metallic nickel. 1In
other words, since copper can be precipitated instead of

dissolving nickel in the aqueous cobalt chloride solution, the
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copper concentration (copper ion concentration) in the aqueous
cobalt chloride solution can be reduced.

[0034]

(Regarding temperature of aqueous cobalt chloride solution)

In the aqueous cobalt chloride solution refinement method
according to the present invention, the removal of the passive
film and the cementation reaction are carried out in separate
processes. For this reason, the temperature of the aqueous
cobalt chloride solution during the cementation reaction can
be lowered as compared with the case where the removal of the
passive film and the cementation reaction are performed
simultaneously.

[0035]

When the removal of the passive film and the cementation
reaction are to be performed simultaneously, the temperature
of the aqueous solution needs to be maintained at not less than
60°C in order to cause a reaction between the aqueous solution
and the passive film.

[0036]

However, in the aqueous cobalt chloride solution
refinement method according to the present invention, the
passive film is removed before the metallic nickel and the
aqueous cobalt chloride solution are brought into contact with
each other (before the cementation reaction is caused). Thus,

it is possible tomaintain the temperature of the aqueous cobalt
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chloride solution at approximately the temperature at which the
cementation reaction is caused. That is, copper can be
precipitated and removed by the cementation reaction while
maintaining the aqueous cobalt chloride solution at room
temperature {approximately 10 to 30°C). Thus, since there is
no need to warm the aqueous cobalt chloride solution, equipment
for warming is unnecessary, and this is advantageous in that
there is no need to increase the cost of equipment investment.
Moreover, since the aqueous cobalt chloride solution is at room
temperature, even if the liquid temperature of the aqueous
cobalt chloride solution is increased by the cementation
reaction, the liquid temperature does not become excessively
high (not less than 60°C which requires heat-resistant
equipment), so that stable operation can be carried out.
[0037]

Naturally, in order to accelerate the cementation
reaction, the aqueous cobalt chloride solution may be warmed;
however in this case, it is desirable to warm the aqueous cobalt
chloride solution to have a liquid temperature of approximately
30 to 40°C. At such a temperature, even if the cementation
reaction is caused, it can be prevented that the liquid
temperature of the aqueous cobalt chloride solution becomes
excessively high (not less than 60°C which requires

heat-resistant equipment).
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[0038]
(Regarding metallic nickel)

The metallic nickel to be brought into contact with the
aqueous cobalt chloride solution may have any shape. For
example, metallic nickel in the form of a plate, powder, crushed
briquettes, or the like can be used. Particularly, in order
to increase the efficiency of the cementation reaction, powders
having a large specific surface area or crushed briquettes are
preferable.

[0039]
(Regarding contact of aqueous cobalt chloride solution and
metallic nickel)

The method for bringing the aqueous cobalt chloride
solution and the metallic nickel into contact with each other
is not particularly limited, and it may be sufficient that they
come in contact with each other to such an extent that the
cementation reaction is caused at an interface where they are
in contact with each other. For example, the metallic nickel
may be immersed in the aqueous cobalt chloride solution, or the
aqueous cobalt chloride solution may pass through the metallic
nickel (when the metallic nickel is in the form of a powder or
crushed briquettes). Further, the aqueous cobalt chloride
solution may be flown along a surface of the metallic nickel
(when the metallic nickel is in the form of a plate). In order

to efficiently cause the cementation reaction, it is desirable

21

Date regue / Date received 2021-12-20



to immerse the metallic nickel in the aqueous cobalt chloride
solution.

[0040]

(Regarding acidic liquid)

The acidic liquid is not particularly limited as long as
it can remove apassive filmof themetallic nickel. For example,
an acidic liquid such as hydrochloric acid, sulfuric acid, or
nitric acid can be used. In the case where the cementation
reaction is caused by supplying the metallic nickel together
with the acidic liquid to the aqueous cobalt chloride solution,
the acidic liquid is preferably hydrochloric acid.

[0041]

The pH of the acidic liquid is not particularly limited
as long as it can remove a passive film of the metallic nickel.
For example, when the acidic liquid is hydrochloric acid or
sulfuric acid, the passive film of the metallic nickel can be
removed when the pH is not more than 2.5.

If thepH is too low, themetallic nickel under the passive
film is dissolved, so that metallic nickel contributing to the
cementation decreases, and the efficiency is deteriorated. In
addition, since the amount of hydrogen generated per unit time
increases, a safety device is additionally required, and the
facility cost increases. Accordingly, the pH of the acidic

liquid is adjusted to preferably not less than 1.5 and not more
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than 2.5, more preferably not less than 1.7 and not more than
2.3.

[0042]

(pH of aqueous cobalt chloride solution)

The pH of the aqueous cobalt chloride solution is not
particularly limited as long as the cementation reaction is
caused. For example, if the pH is too low, the metallic nickel
is dissolved regardless of the cementation reaction. Thus,
metallic nickel contributing to the cementation decreases, and
the efficiency is deteriorated. 1In addition, since the amount
of hydrogen generated per unit time increases, a safety device
is additionally required, and the facility cost increases.

Accordingly, the pH of the aqueocus cobalt chloride
solution is adjusted to preferably not less than 1.5 and not
more than 2.5, more preferably not less than 1.7 and not more

than 2.3.

EXAMPLES
[0043]

The effect of removing an impurity by the aqueous cobalt
chloride solution refinement method according to the present
invention was confirmed.

In the experiments, it was confirmed how the copper

concentration in an aqueous cobalt chloride solution changes
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by immersing metallic nickel in the aqueous cobalt chloride
solution.
[0044]

In the experiments, an aqueous cobalt chloride solution
was used in which the pH was adjusted to 2.0 by adding an aqueous
sodium hydroxide solution having a concentration of 2 mol/L to
400 mL of an aqueous cobalt chloride solution having a pH of
0.3, a copper concentration of 45 mg/L, and a cobalt
concentration of 67 g/L.

As the metallic nickel, 40 g of crushed nickel briquettes
was used.

[0045]
(Example 1)

Forty grams of crushed nickel briquettes was immersed in
40 ml of 3 mol/L hydrochloric acid for 5 minutes, and was
subjected to a washing treatment with acid (pickling
treatment) .

The crushed nickel briquettes were added to an agqueous
cobalt chloride solution at room temperature (20°C) to be
stirred and mixed for 8 hours.

[0046]
(Comparative Example 1)
Forty grams of crushed nickel briquettes not subjected

to pickling treatment was added to an aqueous cobalt chloride
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solution at room temperature (20°C) to be stirred and mixed for

7 hours.
[0047]
(Comparative Example 2)

Forty grams of crushed nickel briquettes not subjected
to pickling treatment was added to an aqueous cobalt chloride
solution whose temperature was raised to 80°C in a water bath
to be stirred and mixed for 3 hours.

[0048]

During stirring and mixing in each of the experiments of
Example 1 to Comparative Example 2, the supernatant was sampled
every one hour, and the copper concentration in the aqueous
cobalt chloride solution was confirmed using ICP emission
spectrometry (measuring apparatus manufactured by Seiko
Instruments Inc., Model No. SPS 3000).

[0049]

The results are shown in FIG. 2.

As shown in FIG. 2, in Comparative Example 1 in which the
crushed nickel briquettes were not subjected to pickling
treatment and is caused to react at room temperature (20°C),
3 to 4 hours were required for reduction of the copper
concentration to approximately 3 mg/L.

On the other hand, in Comparative Example 2 in which the
cementation reaction was carried out at 80°C without subjecting

the crushed nickel briquettes to pickling treatment, the copper
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concentration could be reduced to approximately 3 mg/L for 1
hour.
[0050]

In Example 1, despite the reaction was carried out at room
temperature (20°C), the copper concentration could be reduced
to approximately 3 mg/L in the same time (1 hour) as in
Comparative Example 2. That is, in Example 1, the same reaction
rate as in the case of warming the aqueous cobalt chloride
solution was obtained, and it was confirmed that sufficient
copper removing effect could be obtained without warming.
[0051]

From the above results, it was confirmed that by
introducing the pickling process as a preliminary process of
the cementation process, it was possible to shorten the time
(reaction time) for removing copper from the aqueous cobalt

chloride solution even if the reaction temperature was lowered.

INDUSTRIAL APPLICABILITY
[0052]

The aqueous cobalt chloride solution refinement method
according to the present invention is suitable for a method for
removing an impurity from an aqueous cobalt chloride solution
used as a raw material for a nonaqueous electrolyte secondary

battery.
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CLAIMS

1. An aqueous cobalt chloride solution refinement
method for bringingmetallic nickel into contact with an aqueous
solution containing cobalt chloride to remove an impurity by
a cementation reaction,

wherein

the aqueous solution containing cobalt chloride has a pH
of not less than 1.5 and not more than 2.5, and

themetallic nickel is washedwith an acidic liquid having
a pH of not more than 2.5 before the metallic nickel is brought
into contact with the aqueous solution containing cobalt

chloride.

2. The aqueous cobalt chloride solution refinement
method according to claim 1, wherein the aqueous solution
containing cobalt chloride at room temperature is brought into

contact with the metallic nickel.

3. The aqueous cobalt chloride solution refinement

method according to claim 1l or 2, wherein the impurity is copper.

4. The aqueous cobalt chloride solution refinement
method according to any one of claims 1 to 3, wherein the aqueous

solution containing cobalt chloride from which the impurity has
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been removed is used as a raw material of a positive electrode
material containing in the composition of the positive
electrode material nickel and cobalt in a nonagueous

electrolyte secondary battery.

5. The aqueous cobalt chloride solution refinement
method according to claim 4, wherein

the aqueous solution containing cobalt chloride is a
process liquid in a nickel smelting process, and

the aqueous solution containing cobalt chloride from
which the impurity has been removed is used in a liquid state

as a raw material of the positive electrode material.

6. The aqueous cobalt chloride solution refinement
method according to claim 1, wherein the aqueous solution
containing cobalt chloride is at a liquid temperature of 10 to

40°C when brought into contact with the metallic nickel.
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