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(57) Abréegée/Abstract:
Provided Is a production method for efficiently obtaining a cobalt powder by means of a process which increases the reduction
reaction efficiency during the production of the cobalt powder from a solution that contains a sulfuric acid cobalt ammine complex.
A method for producing a seed crystal of a cobalt powder, which Is characterized by sequentially performing: a complexing step for
obtaining a solution containing a sulfuric acid cobalt ammine complex by adding ammonia and/or a solution of an ammonia
compound Into a cobalt sulfate solution; a mixing step for obtaining mixed slurry by adding a solid material into the solution
containing a sulfuric acid cobalt ammine complex obtained in the complexing step; a reduction/deposition step for obtaining a
cobalt powder slurry containing a cobalt deposit, in which the cobalt component Is deposited, as a cobalt powder, on the solid
material surface, by introducing the mixed slurry obtained in the mixing step into a reactor and reducing cobalt contained in th
mixed slurry by blowing a hydrogen gas Into the reactor; and a solid-liquid separation step for obtaining the cobalt deposit and tr
iquid after the reduction by subjecting the cobalt powder slurry obtained in the reduction/deposition step to solid-liquid separation.
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Abstract

Provided 1s a method for producing seed crystals of
cobalt powder, sequentially including: a complexing step
of adding ammonia, an ammonia compound solution, or both
of ammonia and an ammonia compound solution to a cobalt
sulfate solution to obtalin a solution containlng a cobalt
ammine sulfate complex; a mixing step of adding a solid
to the solution containing the cobalt ammine sulfate
complex to form a mixture slurry; a reduction and
preclpitation step of charging a reaction vessel with the
mixture slurry, blowing hydrogen gas 1nto the reaction
vessel and reducing cobalt contained 1in the milixture
slurry to obtain a cobalt powder slurry containing cobalt
precipltate with a cobalt component precipitated on the
surface of the solid as cobalt powder; and a solid-liquid
separation step of performing solid-liquid separation on
the cobalt powder slurry to obtain cobalt precipitate and

a solution after reduction.
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Description

Title of Invention:

(]
Y,

METHOD FOR PRODUCING SEED CRYSTAL OF COBALT POWD:

Technical Field

[0001]

The present 1nvention relates to a method for

producing cobalt powder from a solution containing a

cobalt ammine sulfate complex, and particularly relates

to a method for obtaining seed crystals to wuse for

crystal growth.

Background Art

(0002 ]

Various methods for obtaining cobalt, which 1s used
as an electronic material or heat resistant alloys, have
been known. In recent years, a demand for cobalt salts,
which become raw materials such as battery materials, has

been 1ncreased.

The cobalt salts are generally produced by

dissolving a cobalt metal 1n an acid. However, sheet-

shaped and massive forms such as conventionally common

electrolytic cobalt are easily handled, but are extremely

slowly dissolved 1n an acid. Meanwhile, the form of fine
powder 1s easlly dissolved 1n an acid, but has the
handling disadvantage of being easily scattered and the

like. Ones called briquets and obtained by consolidating
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or sintering gralns or powder are preferred to make good
use of the advantages ot the both.

[0003]

As a method for obtaining such a small size of

cobalt grains or powder, an atomizing method for

dispersing melted cobalt 1n gas or water to obtain fine

powder and a dry method such as CVD for obtaining cobalt

powder by volatilizing cobalt and reducing it 1n a gas

phase as shown in Patent Literature 1 are known.

(0004 ]

As a method for producing cobalt powder by a wet
process, there are a method for generating i1t using a

reducing agent as shown 1n Patent Literature 2 and a

spray thermal decomposition method for obtaining cobalt
powder by a thermal decomposition reaction by spraying a
cobalt solution 1in a reduction atmosphere at a high
temperature as shown 1n Patent Literature 3, and the like.

However, since these methods require expensive

reagents and a large amount o0of energy, they are not

economlcal as methods for industrially obtaining a large

amount of material for the battery materials or the like.

[0005]

There has remained a problem that 1n a method for
growlng using cobalt powder as seed crystals as shown 1in
patent Literature 4, seed crystals and grown cobalt
powder are remelted, resulting 1n a decrease 1n the

recovery silnce the reaction 1s performed 1in an acidic

solution having a pH of 4 or less.
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[0006]
Additionally, there has remained a problem that, 1in
a method for adding a sodium hydroxide solution to a

cobalt sulfate solution for a raw material and performing

hydrogen reduction, the hydroxide of cobalt 1s generated
and thereby allowing a reduction reaction not to proceed
when the pH cannot be maintained at 4 and increases, and

consequently the efficiency 1n the reduction reaction

decreases.
[0007]

Meanwhile, a method for feeding hydrogen gas to a
cobalt ammine sulfate complex solution having cobalt in
the form of an ammonia complex to reduce cobalt 1ons 1in
the complex solution and obtain cobalt powder as shown 1n

Non Patent Literature 1 1s industrially low-priced and

useful.
However, also 1in this method, there 1s a problem

that many crystal nuclel are generated heterogeneously,

resulting 1n the prevention of the growth in the same way

as the above-mentioned prior arts since particles are

intended to be generated from a solution and grow by a
wet reaction. That 1s, 1t 1s essential to control the

number of the derived nuclei of the crystal 1in a proper

range, resulting in efficient growth.

Then, as mentioned above, a method for feeding a
reducing agent to a slurry 1n which a small amount of
fine crystals called seed crystals coexist, and growing

objects on the surfaces of the seed crystals to obtain
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powder having a predetermined particle size 1s commonly

used.

[0008 ]
The seed crystals added i1in the above are often used
by conducting treatment such as grinding a portion of a

product repeatedly. However, there has remained a

problem that the processing also took time and effort and

the vyield decreased as the processing 1s repeated more

times and therefore this lead to an 1ncrease 1n cost.
There has also remained the problem of seed crystals
having the optimal particle size and properties being
capable of necessarily being obtained stably only by
grinding simply, or the like.

That 1s, a method for stably obtaining seed crystals

to use for crystal growth has been reqguired.

Citation List

Patent Literature

10009]

Patent Literature 1: Japanese Patent Laid-Open No. 2005-

0006090

Patent Literature Z2: Japanese Patent Laid-Open No. 2010-

242143

Patent Literature 3: Japanese Patent No. 4286220

Patent Literature 4: Japanese Patent Laid-Open No. S57-

04207
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Non Patent literature

[0010]
Non patent literature 1: "The Manufacture and properties
of Metal powder produced BY the gaseous reduction of

aqueous solutions”, Powder metallurgy, No.1/2 (1958), pp

40-52.

Summary of Invention
Technical Problem

[0011]

In such a situation, the present invention provides

a production method for obtalning cobalt  powder

efficiently by a way for 1ncreasing reduction reaction

efficiency to produce the cobalt powder from a solution

containing a cobalt ammine sulfate complex.

Solution to Problem
[0012]

A first aspect of the present 1invention to solve
such a problem 1s a method for producing seed crystals of
cobalt powder, sequentially including: a complexing step
of adding ammonia, an ammonia compound solution, or both
of ammonia and an ammonia compound solution to a cobalt
sulfate solution to obtain a solution containing a cobalt
ammine sulfate complex; a mixing step of adding nickel
powder as a solid that 1s 1nsoluble or slightly soluble

in the solution contalining the cobalt ammine sulfate

complex, to the solution containing the cobalt ammine
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sulfate complex obtained in the complexing step to form a
mixture slurry; a reduction and precipitation step of
charging a reaction vessel with the mixture slurry
obtained 1n the mixing step, and blowing hydrogen gas
into the reaction vessel to reduce cobalt contained 1n
the mixture slurry and obtain a cobalt powder slurry
contalning cobalt preclipitate with a cobalt component
precipitated on the surface of the solid as cobalt
powder; and a solid-liquid separation step having a
solid-1liquid separation treatment for separating the

obtained cobalt powder slurry 1nto the cobalt precipitate

and a solution after reduction, and a solid separation
treatment for separating the obtained cobalt precipitate
into the added nickel powder of the solid and the cobalt

powder that 1s precipitated on the surface of the nickel

powder of the solid, to form the solution after reduction,
the nickel powder of the solid, and the cobalt powder.

[0013]
A second aspect of the present 1nvention 1s the
method for producing seed crystals of cobalt powder,

wherein the nickel powder o©f the solid 1n the first

aspect has an average particle size of 0.1 um or more and

SO Um or less.
(0014 ]

A third aspect of the present 1nvention 1s the
method for producing seed crystals of cobalt powder,

wherein the cObalt concentration 1in the solution
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containing the cobalt ammine sulfate complex in the first

and second aspects 1s 75 g/L or less.

[0015]

[0016]

-1

Advantageous Effect of Invention

[0017]

According to the present 1invention, seed crystals

having a size sultable to be add to a cobalt ammine

sulfate complex solution as seed crystals to form cobalt

powder can be obtalned efficiently when a cobalt ammine

sulfate complex solution 1s reduced with hydrogen gas to

produce cobalt powder.

Brief Description of Drawing
[0018]
[Figure 1] Figure 1 1s a production flow chart of the

method for producing cobalt powder according to the

present i1nvention.

Description of Embodiment
[0019]

The present 1invention 1s a method for efficiently
producing seed crystals to be add when hydrogen gas 1is
pblown 1into a cobalt ammine sulfate complex solution to

produce cobalt powder.
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[0020]

Hereinafter, the method for producing cobalt powder

according to the present invention will described with

reference to the production flow chart shown in Figure 1.

In the present i1nvention, cobalt powder 1s obtained by

subjecting a cobalt sulfate solution serving as an
original solution to a complexing step, a mixing step, a
reduction and precilpitation step and a solid-liguid
separation step.

The reduction rate mentioned 1n the present

invention 1s defined as a rate obtained by dividing the
weight (g) of the obtained cobalt powder by the cobalt
amount (g/L) contained in the fed cobalt sulfate solution
(L) .
(0021]
[Complexing Step]

A cobalt sulfate solution that can be used 1n the
present 1nvention 1s not particularly 1limited, but a

cobalt leachate obtained by leaching/dissolving a cobalt-
containing material such as an 1ndustrial intermediate
comprising one or a mixture of two or more selected from

cobalt and cobalt mixed sulfide, crude cobalt sulfate,

cobalt oxide, cobalt hydroxide, cobalt carbonate, cobalt

powder, and the like with sulfuric acid or ammonia can be

used. Usually, various 1mpurities are also industrially

contalned 1n the cobalt 1leachate. The leachate 1s
generally used by removing 1impurity elements 1n the

leachate by subjecting the leachate to a purification
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step such as solvent extraction, 1on exchange, or

neutralilization.

(0022 ]
Next, agueous ammonia and ammonium sulfate are added

to the cobalt leachate to obtain a cobalt ammine sulfate

complex solution.

The concentration of ammonium sul fate in the

solution is preferably in the range of 10 to 500 g/L. 1If

the concentration is 500 g/L or more, 1t 1s higher than

the solubility, and crystals may be precipitated. This

1s not preferable since an operational trouble occurs.

If the concentration is less than 10 g/L, since ammonium
sulfate 1s newly produced by the reaction, 1t 1s
industrially difficult to keep the concentration at a

level of less than 10 g/L.

The cobalt concentration 1n the c¢cobalt ammilne
sulfate complex solution 1is 75 g/L or less. It 1is
because 1n the reaction of a solid after the addition in
later steps, 1f the cobalt concentration 1n the cobalt
ammine sulfate complex solution 1s too high, the

reduction rate will be decreased due to the shortage of

reaction sites.

[0023]
[Mi1x1ing Step]
In this step, to the cobalt ammine sulfate complex

solution prepared as described above 1s added a solid

that 1s used as a matrix for precipitation.
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The solid to be added 1is not particularly limited as

long as 1t 1s insoluble or sparingly soluble with a low

solubility 1n a cobalt ammine sulfate complex solution,

an aqueous ammonium sulfate solution, or an alkali

solution.

(0024 ]

Specifically, 1t 1s preferable to use nickel powder.

When cobalt powder 1s used for a solid, it 1s the
same as cobalt precipitate, and therefore these do not

need to be separated. Cobalt powder 1s thus the most

sultable to be used as seed crystals, but it i1s difficult
to 1ndustrially obtalin fine cobalt powder at a low price

stably.
[(0025]

Although there 1s an advantage of 1ron powder being
avallable at a low price easily, there 1s a disadvantage

of 1ron powder being easily dissolved 1n an acidic

solution and hardly serving as crystal nuclei. Because

dissolved 1ron i1ons becomes a new cause of contamination,
and the like, 1ron powder 1s not suitable.

In a method for wusing a slightly soluble or
insoluble solid and precipitating cobalt thereon like the

P

present 1nvention, the 1nfluence of remelting 1s so0

avoldable as to be negliglble and 1t 1s not necessary to
repeat some of product, differently from a method for

precipitating cobalt using seed c¢crystals that 1is

generally used conventionally and forming the cobalt

including the seed crystals into a product. Therefore,

10
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there 1s a characteristic that cobalt complex 1o0ns

contained 1n an ammine complex solution can be reduced
nearly completely 1n a viewpoint of the balance between
the amounts of materials 1n the process.

[0020]

It 1s preferable that the solid have a smooth

surface so that the precipitated cobalt powder can be

separated effectively. As mentioned above, the amount of

the solid added equivalent to the amount of cobalt

exlsting in  the solution or  more 1s requlired.

Specifically, when nickel powder 1s used for a solid, 75
g/L or more need to be added.

(0027 ]
[Reduction and Precipitation Step]

Next, the reaction vessel of a pressure vessel 1S

charged with the slurry formed by adding nickel powder in
the mixing step, and cobalt complex i1ons in the slurry 1s
reduced by blowling a reducing agent such as hydrogen gas
into the reaction vessel to precipitate cobalt on the

surface of the solid.

10023 ]

Here, the temperature of the mixture slurry, namely,

the reaction temperature, 1s preferably 1n the range of

150 to 200°C. If the reaction temperature 1s less than

150°C, reduction efficiency is decreased, and even 1f the

reaction temperature 1is 200°C or more, the reaction 1s

not atftected, but the loss of thermal energy 1ncreases.

11
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[0029]

The pressure of the gas phase part, which 1s a space
other than the solution 1n the reaction vessel, 1s
preferably maintained 1n the range of 1.0 to 4.0 MPa by

P

feeding hydrogen gas. If the pressure 1s less than 1.0

MPa, reaction efficiency 1s reduced since the amount of
gas migrating from the gas phase part into the solution
1s little. Meanwhile, even 1f the pressure 1s higher
than 4.0 MPa, there is no i1nfluence such as the reaction
being enhanced, but the 1loss of hydrogen gas Jjust
increases, resulting in no advantage.

Hydrogen gas may be blown into the gas phase part in
the reaction vessel or blown directly into the slurry.
[0030]

[Solid-Liquid Separation Step]

The solid having cobalt precipitate on the surface
obtained 1in the reduction and precipitation step 1s taken
out of the pressure vessel with the solution after

reduction 1n the pressure vessel and subjected to solid-

liquid separation from the solution after reduction.
This solid-liguid separation may be any of, for

example, a method using a nutsche and a vacuum flask, a

method using a centrifuge, a method using a filter press.
0031 ]
Then, when a substance other than cobalt is used for

the solid, operation of separating the cobalt precipitate

on the surface from the solid may be performed.

17
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Specific separation method can be properly performed
by applying a shock to the solid and the cobalt
precipitate, or the like.

10032 ]

When the size of the cobalt precipitate still

including the solid or the cobalt precipitate after

separation from the solid is still smaller than that used

for seed crystals, the size of the cobalt precipitate can

be increased by repeating the mixing step again.

The solid collected here can be reused for the
mlxing step repeatedly.
The solution after reduction can be used repeatedly

as a complexing agent in the complexing step without any

P
p—

treatment or by the recycling thereof into ammonia by

treatment such as heating and distillation.

Examples

[0033]

Examples for generating seed crystals for obtaining

cobalt powder of the present 1nvention will be described

below.
The average particle si1ze was measured using a

commerclal laser particle size analyzer (Microtrac).

Example 1
[0034]
A solution containing a cobalt ammine sulfate

complex was prepared by adding 191 ml of 25% aqgqueous

13
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ammonia to cobalt sulfate equivalent to 75 g of cobalt

and 330 g of ammonium sulfate, dissolving them and

adjusting the total volume of the solution to 1000 ml.

To this solution was added 75 g of nickel powder

having an average particle size of 1 um and used as a

matrix for precipitation to obtain a mixture slurry.

[0035]

Next, an 1inner cylinder of an autoclave having a

volume of 3 L was charged with the mixture slurry, the

mixture slurry was then heated to 185°C with stirring,

hydrogen gas was blown 1nto the mixture slurry while

keeping the temperature, and hydrogen gas was further fed

so as to maintain the pressure 1n the 1inner cylinder of

the autoclave at 3.5 MPa. After a lapse of 60 minutes

from the start of the feeding of hydrogen gas, the
feeding of hydrogen gas was stopped, and the inner

cylinder was cooled.

[0030]

After cooling to room temperature, the mixture

slurry 1n the 1nner cylinder was filtered, and the
insoluple solid having cobalt precipitate formed on the
surface was removed. Then, solid-ligquid separation was

conducted by suction filtration using a vacuum flask and

a nutsche.

The reduction reaction rate of cobalt at this time

was 99%.

14



CA 03003239 2018-04-25

10037]

(Comparative Example 1)

A solution containing a cobalt ammine sulfate

complex was prepared by obtaining a solution containing

F

75 g of cobalt, 330 g of ammonium sulfate and 191 ml of

25% aqueous ammonia, adding 3.73 g of polyacrylic acid
having a concentration of 40 wt% as a dispersant 1instead

of a solid of seed crystals of the present 1nvention

thereto, and adjusting the total volume of the solution

to 1000 ml.

To this solution was added 75 g of cobalt powder

used as a matrix for precipitation to prepare a mixture

slurry.

[0038]

The same 1inner cylinder of the autoclave as Example
1 was charged with the prepared mixture slurry, which was
then heated to 185°C with stirring, hydrogen gas was
blown 1nto the mixture slurry while keeping the
temperature, and hydrogen gas was further fed so as to

maintain the pressure 1n the 1nner cylinder of the

autoclave at 3.5 MPa.

After a lapse of 60 minutes from the start of the

feeding of hydrogen gas, feeding hydrogen gas was stopped,

and the i1nner cylinder was cooled.

[0039]

After cooling to room temperature, the mixture

slurry 1n the 1nner cylinder was filtered, and the

insoluble solid having cobalt precipitate formed on the

15
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surface was removed. Then, solid-liguid separation was
conducted by suction filtration using the wvacuum flask

and the nutsche. The cobalt reduction reaction rate at

this time was 72%, and as high efficiency as that of

Example of the present invention was not obtained.
[0040]

(Comparative Example 2)

A solution contalining a cobalt ammine sulfate

complex was prepared by adding a solution containing 330

-y

g of ammonium sulfate to a cobalt sulfate solution

containing 75 g of cobalt, adding 191 ml of 25% aqueous
ammonia to the resulting solution, and adjusting the

total volume of the solution to 1000 ml.

To this solution was added 75 g of commercial iron

powder having an averadge particle size of 1 um as a solid

soluble 1n the solution to prepare a mixture slurry.

(0041 ]

The 1nner cylinder of the autoclave used in Example

1 was charged with the prepared mixture slurry, the

mixture slurry was then heated to 185°C with stirring,

hydrogen gas was bpblown 1nto the mixture slurry while

keeping the temperature, and hydrogen gas was further fed
sO as to maintaln the pressure 1n the 1nner cylinder of

the autoclave at 3.5 MPa. After a lapse of 60 minutes

trom the start of the feeding of hydrogen gas, the

feeding of hydrogen gas was stopped, and the inner

cylindexr was cooled.

16
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(0042 ]

After <cooling to room temperature, the mixture

slurry in the 1nner cylinder was filtered, and the iron
powder having cobalt precipitate formed on the surface
was removed. Then, solid-ligquid separation was conducted
by suction filtration using the wvacuum flask and the

nutsche.

(004 3]

It was found that the cobalt reduction reaction rate

as to this Comparative Example 2 was 76%, which was
higher than that 1n the case where a conventional
dispersant was used, but as high effect as that of

Example of the present 1nvention was not obtained even if

easlly soluble solid was added.

17
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Claims

[Claim 1]
A method of producing seed crystals of cobalt powder,

sequentially comprising:

a complexing step of adding ammonia, an ammonia

compound solution, or both of ammonia and an ammonia

compound solution to a cobalt sulfate solution to obtain

a solution containing a cobalt ammine sulfate complex;
a mixing step of adding nickel powder as a solid

that 1s 1nsoluble or slightly soluble in the solution

containing the cobalt ammine sulfate complex, to the

solution containing the c¢obalt ammine sulfate complex

obtained in the complexing step to form a mixture slurry;

a reduction and precipitation step of charging a
reaction vessel with the mixture slurry obtéined in the
mixing sStep, and blowing hydrogen gas into the reaction
vessel to reduce cobalt contained in the mixture slurry
and obtain a cobalt powder slurry containing cobalt
precipitate with a cobalt component precipitated on a
surtface of the solid as cobalt powder; and

a solid-liquid separation step having

a solid-liquaid separation treatment for
separating the cobalt powder slurry obtained into the
cobalt precipitate and a solution after reduction, and

a solid separation treatment for separating the
cobalt precipitate obtained into the nickel powder of the

solid added and the cobalt powder that is precipitated on

18
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the surface of the nickel powder of the solid, to form
the solution after reduction, the nickel powder of the
solid, and the cobalt powder.

[Claim 2]

The method of producing seed crystals of cobalt

powder according to claim 1,

wherein the nickel powder of the solid has an

average particle size of 0.1 to 5 um.

[Claim 3]

The method of producing seed crystals of cobalt
powder according to c¢laim 1 or 2, wherein a cobalt
concentration 1in the solution containing the cobalt

ammine sulfate complex is 75 g/L or less.

19
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