I *I Innovation, Sciences et Innovation, Science and CA 2939493 C 2018/02/27

Déeveloppement economique Canada Economic Development Canada
Office de |la Propriete Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 939 493
(12 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2015/02/17 (51) Cl.Int./Int.Cl. B22F 9/26 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2015/08/20 (72) Inventeurs/Inventors:
- _ YANAGISAWA, KAZJIVIICHI, JP;
(45) Date de delivrance/lssue Date: 2018/02/27 ZHANG JUNHAO JP
(85) Entree phase nationale/National Entry: 2016/03/11 HEGURI SHIN- ICHI JP
(86) N° demande PCT/PCT Application No.: JP 2015/054280 OZAKI, YOSHITOMO, JP;
T/-\KAISHI KAZUYUKI JP
(87) N° publication PCT/PCT Publication No.: 2015/122534 OHARA. HIDEKI JP

(30) Priorites/Priorities: 2014/02/17 (JP2014-02/7902);
2014/07/30 (JP2014-155511)

(73) Propriéetaires/Owners:
SUMITOMO METAL MINING CO., LTD., JP;
KOCHI UNIVERSITY, NATIONAL UNIVERSITY
CORPORATION, JP

(74) Agent: KIRBY EADES GALE BAKER

(54) Titre : METHODE DE PRODUCTION DE POUDRE DE NICKEL
(54) Title: METHOD FOR PRODUCING NICKEL POWDER

NICKEL AMMINE SULFATE COMPLEX SOLUTION

DISPERSANT
INSOLUBLE = = _
SOLID 1 ¥ (EXAMPLE :
MIXING STEP LIGNOSULFONATE)

MIXED SLURRY

HYDROGEN
CAS

REDUGTION AND
PRECIPITATION ST

]
W

NICKEL PRECIPITATE /INSOLUBLE SOLID COMPLEX

|

I SEPARATION STEP

INSOLUBLE < | ]
SOLID

‘NICKEL POWDER

(57) Abrege/Abstract:
A method for producing nickel powder Is provided that sequentially includes: a mixing step of adding, to a solution containing a
nickel ammine sulfate complex, a dispersant containing a sulfonate and an insoluble solid which Is insoluble In the solution to form

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca I*I
50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca al I a



CA 2939493 C 2018/02/27

anen 2 939 493
(13) C

(72) Inventeurs(suite)/Inventors(continued): YONEYAMA, TOMOAKI, JP; IKEDA, OSAMU, JP; KUDO, YOREI, JP

(57) Abrege(suite)/Abstract(continued):
a mixed slurry; a reduction and precipitation step of charging a reaction vessel with the mixed slurry and then blowing hydrogen gas

Into the mixed slurry in the reaction vessel to reduce nickel complex ions contained in the mixed slurry to form nickel precipitate on a
surface of the insoluble solid; and a separation step of separating the nickel precipitate on the surface of the insoluble solid from the

surface of the Insoluble solid to form nickel powder.



CA 02939493 2016-10-06

Abstract

A method for producing nickel powder is provided
that sequentially includes: a mixing step of adding, to a
solution containing a nickel ammine sulfate complex, a
dispersant containing a sulfonate and an insoluble solid
which 1s 1insoluble in the solution to form a mixed
slurry; a reduction and precipilitation step of charging a
reaction vessel with the mixed slurry and then blowing
hydrogen gas into the mixed slurry in the reaction wvessel
to reduce nickel complex ions contained in the mixed
slurry to form nickel precipitate on a surface of the
insoluble solid; and a separation step of separating the
nickel precipitate on the surface of the insoluble solid
from the surface of the 1insoluble solid to form nickel

powder.
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Description

METHOD FOR PRODUCING NICKEL POWDER

Technical Field
[0001]

The present 1nvention relates to a method for
producing fine nickel powder that can be utilized as seed
crystals from a solution containing a nickel ammine
sulfate complex, and particularly, the present invention
can be applied to the treatment of an 1in-process
intermediate solution generated from a nickel

hydrometallurgical process.

Background Art

[0002]

Y

Examples of known methods for producing fine nickel

powder include dry methods such as an atomizing method of
dispersing molten nickel i1In a gas or 1in water to obtain
fine powder and a CVD method of volatilizing nickel and
reducing 1t in a vapor phase to thereby obtain nickel
powder as shown in Patent Literature 1.
(0003]

Further, examples of methods for producing nickel
powder by a wet process include a method of producing

nickel powder using a reducing agent as shown 1n Patent
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Literature 2 and a spray pyrolysis method in which nickel
powder 1s obtained by pyrolysis reaction by spraying a
nickel solution 1into a reducing  atmosphere at high
temperatures as shown 1n Patent Literature 3.

However, these methods are not economical Dbecause

they requilre expensive reagents and a large amount of

enerqgy.

10004 ]

On the other hand, a method of obtaining nickel
powder by feeding hydrogen gas into a nickel ammine
sulfate complex solution to reduce nickel 31ions 1in the
complex solution as shown in Non Patent Literature 1 1s
industrially 1nexpensive and useful. However, nickel
powder particles obtained by this method are easily
coarsened, and 1t has been difficult to produce fine

powder that can be used as seed crystals.

10005]

Particularly, when particles are 1intended to be
generated from an aqueous solution and grown, there 1s
used a method of obtaining a powder having a
predetermined particle size by allowing a small amount of
fine crystals called seed crystals to coexist and feeding
a reducing agent thereto to grow the seed crystals.
Although seed crystals used 1in this method are obtained

by grinding products 1n many cases, time and effort are

requlred and the vyield decreases, which leads to an
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increase 1in cost. Further, seed crystals having the best
particle size and properties are not necessarily obtained
by grinding. Thus, a method for stably obtaining seed

crystals has been required.

Citation List
Patent Literature
[0006]
Patent Literature 1:
Japanese Patent Laid-Open No. 2005-505695
Patent Literature 2:
Japanese Patent Laid-Open No. 2010-242143
Patent Literature 3:
Japanese Patent No. 4286220
Non Patent Literature
[0007]
Non Patent Literature 1:
"The Manufacture and properties of Metal powder
produced by the gaseous reduction of agqueous solutions",

Powder metallurgy, No. 1/2 (1958), pp 40-52.

summary
[0008]

In such a situation, the present invention provides
a method for producing fine nickel powder used as

suitable seed crystals for producing nickel powder from a

solution containing a nickel ammine sulfate complex.



(0008a]

Certain exemplary embodiments provide a method for
producing nickel powder, sequentially comprising: a
mixing step of adding, to a solution containing a nickel
ammine sulfate complex, a dispersant contalning a
sul fonate and an 1insoluble solid which 1s 1insoluble 1in
the solution to form a mixed slurry and has a diameter of
0.1 to 3 mm and a shape with no edges; a reduction and
precipitation step of charging a reaction vessel with the
mixed slurry and then blowing hydrogen gas into the mixed
slurry while maintaining a pressure of a gas phase part
in the reaction vessel at 1.0 to 4.0 MPa, to reduce
nickel complex ions contained in the mixed slurry to form
nickel precipitate on a surface of the insoluble solid;
and a separation step of separating the nickel
precipitate on the surface of the insoluble solid from
the surface of the insoluble solid to form nickel powder
having a finer size than the insoluble solid.

[0009]

A first aspect of certain embodiments 1s a method
for producing nickel powder, sequentially including: a
mixing step of adding, to a solution containing a nickel
ammine sulfate complex, a dispersant <containing a
sulfonate and an 1insoluble solid which is insoluble 1in
the solution containing a nickel ammine sulfate complex
to form a mixed slurry; a reduction and precipitation
step of charging a reaction vessel with the mixed slurry

formed in the mixing step and then blowing hydrogen gas

CA 2939493 20177-07-31



into the mixed slurry while maintaining a pressure of a
gas phase part in the reaction vessel at 1.0 to 4.0 MPa,
to reduce nickel complex i1ions contained 1in the mixed
slurry to form nickel precipitate on a surface of the
insoluble solid; and a separation step of separating the
nickel precipitate on the surface of the insoluble solid

from the surface of the insoluble solid to form nickel

powder.

[0010]

A second aspect of certain embodiments 1s a method
for producing nickel powder according to the first aspect,
wherein the concentration of ammonium sulfate 1n the

solution containing a nickel ammine sulfate complex 1s 1in
the range of 10 to 500 g/L.

[0011]

A third aspect of certain embodiments 1s a method
for producing nickel powder according to the first and
second aspects, wherein, 1in the reduction step, the
temperature of the mixed slurry when hydrogen gas 1s
blown 1s 150 to 200°C.

[0012]

[0013]

A fourth aspect of certain embodiments 1s a method

for producing nickel powder according to the first ¢to

third aspects, wherein the 1insocluble solid 1s one or a

combination selected from among nickel, alumina, zlrconia,

iron, and silica.

CA 2939493 20177-07-31



[0014]

A fifth aspect of certain embodiments 1s a method
for producing nickel powder according to the first to
third and fifth aspects, wherein, in the mixing step, the
dispersant containing a sulfonate 1s added before the

insoluble so0lid 1is added.

[0015]

Embodiments described herein can provide a method
for producing the best fine nickel powder as seed
crystals used for producing nickel powder more

economically and efficiently from a nickel ammine sulfate

complex solution using hydrogen gas.

5a
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Brief Description of Drawings

[0016]

Figure 1 1is a production flow chart of the method for
producing nickel powder according to the present

invention.

Figure 2 is a SEM image showing the appearance of nickel

powder produced in Example 1.

Figure 3 is a SEM image showing the appearance of nickel

powder produced 1n Example 2.

Figure 4 is a SEM image showing the appearance of nickel

powder produced in Reference Example 3.

Figure 5 1is a SEM image showing the appearance of nickel

powder produced 1in Example 4.

Figure 6 is a SEM image showing the appearance of nickel

powder produced in Example 5.

Description of Embodiments

[0017]

The present 1invention provides a method for

producing nickel powder comprising adding, to a nickel

ammine sulfate complex solution, an insoluble solid which
is insoluble in the solution or the insoluble solid and a
dispersant to form a mixed slurry and then blowing
hydrogen gas into the mixed slurry to thereby produce
nickel powder.

Hereinafter, the method for producing nickel powder
according to the present invention will be described with

reference to the production flow chart shown in Figure 1.
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[0018]

Nickel Ammine Sulfate Complex Solution

—

Examples of a suitable nickel ammine sulfate complex

solution used in the present invention include, but are
not limited to, a nickel ammine sulfate complex solution
obtained by dissolving a nickel-containing material such

as an industrial intermediate comprising one or a mixture

gselected from nickel and cobalt mixed sulfide, coarse
nickel sulfate, nickel oxide, nickel hydroxide, nickel
carbonate, and nickel powder with sulfuric acid or
ammonia to obtain a nickel leaching solution (solution
containing nickel), subjecting the nickel 1leaching
solution to a ©purification step such as solvent
extraction, ion exchange, and neutralization to obtalin a
solution from which impurity elements 1in the nickel
leaching solution have been removed, and adding ammonia
to the resulting solution to form the nickel ammine
sulfate complex solution, in which nickel 1s contailned 1in

the form of nickel complex ions.

[0019]
Mixing Step

In this step, a dispersant 1is first added to the
nickel ammine sulfate complex solution prepared as
described above, but the following insoluble solid may be

added to the nickel sulfate ammine complex solution

without adding a dispersant.
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A dispersant used here is not particularly limited
as long as it contains a sulfonate, but lignosulfonate 1is
suitable as a material that can be 1lnexpensively obtained
industrially.

Further, the concentration of ammonium sulfate in
the solution is preferably in the range of 10 to 500 g/L.
If the concentration exceeds 500 g/L, the solubility will
be exceeded, and crystals will be precipitated. Further,
since ammonium sulfate is newly produced by reaction, 1t
is difficult to achieve a concentration of less than

10 g/L.

[0020]
Addition of Insoluble Solid

To the nickel ammine sulfate complex solution
prepared as described above or the nickel ammine sulfate

complex solution in which a dispersant is added and



CA 02939493 2017-02-02

adjusted, 1s added an 1insoluble solid which 1s insoluble
1n the complex solution and used as a matrix for
precipitation.

The insoluble solid added here is not particularly
limited as long as 1t 1s 1insoluble o¢r has a low
sclubility 1n a nickel ammine sulfate complex solution,
an aqueous ammonium sulfate solution, or an alkalil
solution, and examples thereof that can be used 1include

nickel powder, iron powder, alumina powder, =zirconia

powder, and silica powder.

[0021]

The present invention does not employ a conventional

commonly-used method of using seed crystals to

precipitate a powder and obtaining a product including
the seed crystals. In the present 1invention, after the
required precipitation (precipitation of nickel) on the
surface of the 1insoluble solid has been completed, the
powder (precipitate of nickel) which has been
precipitated and grown 1s separated from the insoluble
solid, and only the powder portion is used as a product.
According to such a method of the present invention, the
influence on the product caused by the properties as an

1mpurity of the seed c¢rystals themselves has can be

avolded.

(0027 ]
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The amount of the 1insoluble solid added 1s not
particularly limited, but the amount at which mixing by
stirring can be achieved when the 1insoluble solid 1is

added to the nickel ammine sulfate complex solution 1s

selected depending on the type of the solid.

The shape and the size of the 1insoluble solid are

not particularly limited. However, since the nickel

powder precipitated on the surface may be separated by

mutually colliding or applying vibration as will be
described below, a sultable 1insoluble solid 1s that
having a strength that endures impact and friction and a
shape with a smooth surface so that nickel powder can be
effectively separated.

Further, in terms of effective separation of nickel

powder from the 1nsoluble solid, for example, an

insoluble solid having a diameter of about 0.1 to 3 mm

and a shape with no edges such as spherical or elliptical

1s easy to use 1n real operation.

10023

Note that the insoluble solid 1s preferably used as
an insoluble solid of the present inventlon after debris
or the 1like on the surface of the 1insoluble solid 1s

removed by giving c¢ollision and 1impact before nickel

powder 1s precipitated.

10
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Further, an insoluble solid from which nickel powder
is separated can also be repeatedly used again after
being subjected to pretreatment such as washing as needed.
[0024]

Reduction and Precipitation Step

Then, this step is a step of charging a reaction
vessel resistant to high pressure and high temperature
with the slurry formed by adding a dispersant and an
insoluble solid in the previous step and blowling hydrogen
gas into the slurry stored in the reaction vessel to
reduce nickel complex ions in the slurry to precipitate
nickel on the insoluble solid contained.

The temperature of the mixed slurry at this time,

that is, reaction temperature, 1s preferably in the range

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

than 150°C, reduction efficiency will be reduced, and
even 1f it exceeds 200°C, the zreaction will not be

affected, but the loss of thermal enexrgy will 1ncrease.

Therefore, these temperatures are not suiltable.

[0025]

Furthexr, the pressure of the gas phase part 1in the

reaction vessel (this refers to a space part 1n the

reaction vessel remaining after the solution 1s stored in
the reaction wvessel) during the reaction 1s preferably
maintained at 1.0 to 4.0 MPa by feeding hydrogen gas. If

the pressure is less than 1.0 MPa, reaction efficiency

11
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will be reduced, and even if it is higher than 4.0 MPa,
the reaction will not be affected, but the loss of
hydrogen gas will increase. In this regard, the nickel
complex ions 1in the slurry can also be reduced 1if
hydrogen gas is blown into the gas phase part 1n the
reaction vessel instead of being blown into the mixed
slurry.

[0026]

By reduction and precipitation treatment under such
conditions, a precipitate of nickel 1is formed on the
insoluble solid and the nickel contained in the solution
can be extracted and recovered as a precipilitate of fine
powdered nickel.

[0027]
Separation Step

The nickel precipitate produced i1s 1n a state where
it adheres to the insoluble solid and cannot be utilized
in this state. Therefore, 1in this step, the nickel
precipitate formed on the surface 1s separated from the
insoluble solid and recovered as nickel powder.

[0028]
Examples of specific separation methods of the

nickel precipitate include a method of putting the whole
insoluble solid and nickel precipitate 1in water so that
the nickel precipitate is not oxidized by heat generation,
rotating the insoluble solid to collide the 1insoluble
solids with each other to separate nickel powder on the

surface, a method of rotating the insoluble solid on a

12
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wet sieve to sift out separated nickel powder at the same
time, and a method of applying an ultrasonic wave to a
liquid to apply vibration to the insoluble solid to
separate nickel powder. A gsieve having an opening that
18 finer than the size of the insoluble solid can be used.
[0029]

The nickel powder produced as described above can be
used, for example, for nickel paste which 1s the internal

constituent of multi-layer ceramic capacitors, and, in

addition, can be used for producing high purity nickel
metal by repeating the hydrogen reduction described above
using the recovered nickel powder as seed crystals to

thereby grow particles.

Examples
[0030]

Embodiments of the present invention will Dbe
described below using examples.

[0031]

Example 1
Mixing Step

A solution containing a dispersant and a nickel
ammine sulfate complex was prepared by adding 191 ml of
25% aqueous ammonia and 20 g of sodium lignosulfonate as
a dispersant to a solution containing 75 g of nickel
(nickel sulfate solution) and 330 g of ammonium sulfate

and adjusting the total volume of the solution to 1000 ml.

13



CA 02939493 2016-10-06

To this solution, was added 300 g of nickel powder
having an average particle size (D50) of 125 pum as an
insoluble solid wused as a matrix for precipitation

followed by stirring to prepare a desired mixed slurry.

[0032]
Reduction and Precipitation Step

Next, an 1inner cylinder of an autoclave was charged
with the prepared mixed slurry; the mixed slurry was
heated to 185°C with stirring; hydrogen gas was blown
into the mixed slurry while keeping the temperature; and
hydrogen gas was further fed so as to maintain the
pressure in the 1inner cylinder o©of the autoclave at 3.5
MPa. After a lapse of 140 minutes from the start of the
feeding of hydrogen gas, the feeding of hydrogen gas was
stopped, and the inner cylinder was cooled.
[0033]

Separation Step

After cooling, the mixed slurry 1in the 1inner

cylinder was filtered to remove the insoluble solid
having nickel precipitate formed on the surface; the

insoluble solid was then put 1n a wet sieve having an

opening of 100 um; and vibration was applied to the

insoluble so0lid to separate the precipitated nickel
powder from the insoluble sollid as a matrix.

When the recovered nickel powder was observed, it
was verified that fine nickel powder was produced as

shown 1n Figure 2.

14
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[0034]
Example 2
Mixing Step
A solution containing a dispersant and a nickel

ammine sulfate complex was prepared by adding 191 ml of

25% aqueous ammonia and 10 g of sodium lignosulfonate as
a dispersant to a solution containing 75 g of nickel
(nickel sulfate solution) and 330 g of ammonium sulfate
and adjusting the total volume of the solution to 1000 ml.
To this solution, was added 75 g of zirconia balls each
having a diameter of 1 mm as an insoluble solid used as a
matrix for precipitation to prepare a mixed slurry.

[0035]
Reduction and Precipitation Step

Next, an inner cylinder of an autoclave was charged
with the mixed slurry; the mixed slurry was then heated
to 185°C with stirring; hydrogen gas was blown into the
mixed slurry while keeping the temperature; and hydrogen
gas was fed so as to maintain the pressure 1n the 1nner
cylinder of the autoclave at 3.5 MPa. After a lapse of
65 minutes from the start of the feeding of hydrogen gas,
the feeding of hydrogen gas was stopped, and the inner
cylinder was cooled.
[0036]
Separation Step

After cooling, the mixed slurry 1in the inner

cylinder was filltered to remove the 1nsoluble solid

having nickel precipitate formed on the surface; the

15



CA 02939493 2016-10-06

removed insoluble solid was then put i1in a wet sieve

having an opening of 500 um; and vibration was applied to

the insoluble solid to separate the precipitated nickel
prowder from the insoluble solid as a matrix.

When the recovered nickel powder was observed, it
was verified that fine nickel powder was produced as
shown in Figure 3.

[0037]
Comparative Example
Mixing Step

A solution containing a dispersant and a nickel
ammine sulfate complex was prepared by adding 191 ml of
25% aqueous ammonia and 5 g of sodium lignosulfonate as a
dispersant to a solution containing 75 g of nickel

(nickel sulfate solution) and 330 g of ammonium sulfate

and adjusting the total volume of the solution to 1000 ml.
The next operation was performed without adding an
insoluble solid used as a matrix for precipitation to
this solution.

[0038]

Reduction and Precipitation Step

An 1inner cylinder of an autoclave was charged with
the prepared solution; the solution was then heated to
185°C with stirring; hydrogen gas was blown 1nto the
solution while keeping the temperature; and hydrogen gas
was fed so as to malintain 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,

16
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the feeding of hydrogen gas was stopped, and the inner
cylinder was cooled.
[0039]

Separation Step

After cooling, the solution 1in the i1inner cylinderxr
was filtered, but nickel powder could not be recovered,
and plate-shaped scaling of nickel occurrxed on the side
wall of the inner cylinder and on the stirrer.

[0040]
Reference Example 3
Mixing Step

A solution containing a nickel ammine sulfate

complex was prepared by adding 13 ml of 25% aqueous
ammonia to a solution containing 75 g of nickel (nickel
sulfate solution) and 330 g of ammonium sulfate and
adjusting the total wvolume of the solution to 1000 ml.
To this solution, was added 5 g of electrolytic iron
powder as a matrix for precipitation to prepare a mixed
slurry.
[0041]
Reduction and Precipitation Step

Next, an 1inner cylinder of an autoclave was charged

with the mixed slurry; the mixed slurry was then heated

to 185°C with stirring; and hydrogen gas was blown into

the mixed slurry for 10 minutes at a flow rate of 0.2
L/min while keeping the temperature. The pressure in the

inner c¢ylinder o©f the autoclave during the reaction

17



CA 02939493 2016-10-06

showed 1.0 MPa. Subsequently, the feeding of hydrogen
gas was stopped, and the inner cylinder was cooled.
Separation Step

After cooling, the slurry in the inner cylinder was

filtered to remove the 1insoluble so0lid having nickel

precipitate formed on the surface, and nickel powder was
recovered in the same manner as in Example 1.

When the' recovered powder was observed, 1t was
verified that fine nickel powder was produced as shown 1n
Figure 4. Note that when Figure 4 1s compared with
Figure 2 in the case where a dispersant was added, the
shape of nickel powder 1looks slightly non-uniform and
rough, but there is practically no problem.

[0042]
Example 4
Mixing Step

A solution containing a nickel ammine sulfate
complex was prepared by adding 191 ml of 25% aqueous
ammonia and 5 g of sodium lignosulfonate as a dispersant
to a solution containing 75 g of nickel (nickel sulfate
solution) and 330 g of ammonium sulfate and adjusting the

total wvolume of the solution to 1000 ml. To this

solution, was added 75 g of alumina powder having a size
of 200 meshes as an insoluble solid used as a matrix for

precipitation to prepare a mixed slurry.

[0043]

Reduction and Precipitation Step

18
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Next, an inner cylinder of an autoclave was charged

with the mixed slurry; the mixed slurry was then heated
to 185°C with stirring; hydrogen gas was blown 1into the
mixed slurry while keeping the temperature; and hydrogen
gas was fed so as to maintain the pressure 1n the inner
cylinder of the autoclave at 3.5 MPa. After a lapse of
90 minutes from the start of the feeding of hydrogen gas,
the feeding of hydrogen gas was stopped, and the inner
cylinder was cooled.

Separation Step

After cooling, the slurry in the inner cylinder was
filtered to zremove the insoluble so¢clid having nickel
precipitate formed on the surface, and nickel powder was
recovered in the same manner as in Example 1.

When the recovered powder was observed, 1t was
verified that fine nickel powder was produced on alumina
as a matrix as shown 1in Figure 5. (The places where
nickel powder was produced were shown by enclosing them
with circles.)

[0044]
Example 5
Mixing Step

A solution contalining a nickel ammine sulfate
complex was prepared by adding 191 ml of 25% aqueous
ammonia and 5 g of sodium lignosulfonate ags a dispersant
to a solution containing 75 g of nickel (nickel sulfate
solution) and 330 g of ammonium sulfate and adjusting the

total volume of the solution to 1000 ml. To this

19
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solution, was added 75 g of silica powder having a D50 of
38 um as an 1insoluble solid used as a matrix for
precipitation to prepare a mixed slurry.
[0045]
Reduction and Precipitation Step

Next, an inner cylinder of an autoclave was charged
with the mixed slurry; the mixed slurry was then heated
to 185°C with stirring; hydrogen gas was blown into the
mixed slurry while keeping the temperature; and hydrogen
gas was fed so as to maintain the pressure 1n the 1inner
cylinder of the autoclave at 3.5 MPa. After a lapse of
90 minutes from the start of the feeding of hydrdgen gas,
the feeding of hydrogen gas was stopped, and the inner
cylinder was cooled.
Separation Step

After cooling, the slurry in the inner cylinder was
filtered to remove the 1nsoluble solid having nickel
precipitate formed on the surface, and nickel powder was
recovered 1in the same manner as in Example 1.

When the recovered powder was oObserved, 1t was
verified that fine nickel powder was produced as shown in

Figure 6.

20



CLAIMS

1. A method for producing nickel powder, sequentially
comprising:

a mixing step of adding, to a solution containing a
nickel ammine sulfate complex, a dispersant containing a
sulfonate and an 1nsoluble so0lid which 1is insoluble in
the solution to form a mixed slurry and has a diameter of
0.1 to 3 mm and a shape with no edges;

a reduction and precipitation step of charging a
reaction vessel with the mixed slurry and then blowing
hydrogen gas 1into the mixed slurry while maintaining a
pressure of a gas phase part 1n the reaction vessel at
1.0 to 4.0 MPa, to reduce nickel complex ions contained
1in the mixed slurry to form nickel precipitate on a
surface of the insoluble solid; and

a separation step of separating the nickel
preciplitate on the surface of the insoluble solid from
the surface of the 1nsoluble solid to form nickel powder

having a finer size than the insoluble solid.

2. The method for producing nickel powder according to

claim 1, wherein the shape with no edges is spherical or

elliptical.

3. The method for producing nickel powder according to

claim 1 or 2, wherein the concentration of ammonium

21
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sulfate contained 1in the solution containing a nickel

ammine sulfate complex is in the range of 10 to 500 g/L.

4 . The method for producing nickel powder according to
any one of claims 1 to 3, wherein, in the reduction step,

the mixed slurry when the hydrogen gas 1is blown has a

temperature of 150 to 200°C.

5. The method for producing nickel powder according to
any one of claims 1 to 4, wherein the insoluble solid is
one or a combination selected from nickel, alumina,

zirconia, l1ron, and silica.

6 . The method for producing nickel powder according to
any one of claims 1 to 5, wherein, in the mixing step,

the dispersant containing a sulfonate is added before the

insoluble solid i1s added.

22
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