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

vessel to reduce nickel complex ions In the mixed slurry to form nickel precipitate on the surface of the insoluble solid, wherein the
amount of the dispersant added Iin the mixing step Is controlled to control the number of the nickel powder obtained by formation of

the nickel precipitate in the reduction and precipitation step.
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Abstract

A method for producing nickel powder sequentially
includes: a mixing step of adding, to a nickel ammine
sulfate complex solution, an 1i1nsoluble solid as seed
crystals and a polyacrylate or lignosulfonate as a
dispersant to form a mixed slurry,; and a reduction and
preclipitation step of charging a reaction vessel with the
mixed slurry and blowing hydrogen gas 1into the mixed
slurry 1n the reactlion vessel to reduce nickel complex
ions 1n the mixed slurry to form nickel precipltate on
the surface of the insoluble so0lid, wherein the amount of
the dispersant added 1in the mixing step 1s controlled to
control the number o©f the nickel powder obtailned by
formation of the nickel preciplitate i1n the reduction and

precipiltation step.
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METHOD FOR PRODUCING NICKEL POWDER

Technical Field
(0001 ]

The disclosure relates to a method for producing
fine nickel powder which can be utilized as seed crystals
from a solution contailning a nickel ammine sulfate
complex, and particularly, the present 1invention can be

applied to the treatment for controlling the number of

nickel powder generated to requlrement.

Background Art

(0002 ]

Examples of known methods for producing fine nickel
powder 1nclude dry methods such as an atomizing method of
dispersing molten nickel 1n a gas or 1n water to obtailn
fine powder aumiea CVD method of volatilizing nickel and
reducing 1t 1n a vapor phase to thereby obtain nickel

powder as shown 1n Patent Literature 1.

[0003]

Further, examples of methods for producing nickel
powder by a wet process 1nclude a method of forming
nickel powder using a reduclng agent as shown 1n Patent
Literature 2 and a spray pyrolysis method in which nickel
powder 1s obtained by pyrolysis reaction by spraying a
nickel solution 1nto a reduclng atmosphere at high

temperatures as shown 1n Patent Literature 3.
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However, these methods are not economical because
they require expensive reagents and a large amount of
enerqgy.

(0004 ]

On the other hand, a method of obtaining nickel
powder Dby feeding hydrogen gas 1nto a nilckel ammine
sulfate complex solution to reduce nickel 1lons 1n the
complex solution as shown 1n Non Patent Literature 1 1is
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.

[0005]

Thus, 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 c¢rystals wused 1n this method are
obtained by grinding products 1n many cases, time and
ceffort are required and the yield decreases, which leads
to an 1ncrease 1n cost. Further, seed crystals having
the best particle size and properties are not necessarily
obtained by grinding.

[00006]
Further, 1n order to stably advance the operation

related to the production of nickel powder, 1t 1is
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necessary to always feed a suitable amount of seed

crystals, but excessive preparation of seed crystals will
lead to a reduction i1n production efficiency, such as an
lncrease in goods 1in process and an increase in time and
ctfort of contrcocl. Thus, a method for stably obtaining

seed crystals 1n an amount required for real operation

has been required.

Citation List
Patent Literature
[0007]

Patent Literature 1:

Japanese Patent Laid-Cpen No. 2005-505695
Patent Literature Z2:

Japanese Patent Laid-Open No. 2010-242143
Patent Literature 3:

Japanese Patent No. 4286220
Non Patent Literature
[0008]

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), 40-52.
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Summary

Technlical Problem
[0009]

In such a situation, selected embodiments provide a
method for producing nickel powder, in which fine nickel
powder used as seed crystals reguired for producing
nickel powder 1s produced from a solution containing a

nickel ammine sulfate complex depending on the amount

required for producing the nickel powder.

Solution to Problem
[0010]

The first aspect of selected embodiments to solve
such a problem 1s a method for producing nickel powder,
sequentially including: a mixing step of adding a
polvacrylate to a solution containing a nickel ammine
sulfate complex to form a mixed solution; and a reductlon
and precipltation step of charging a reaction vessel with
the mixed solution and blowing hydrogen gas 1nto the
mixed solution 1n the reaction vessel to bring the
hydrogen gas 1nto contact with the mixed solution to
reduce nickel complex 1ons 1n the mixed solution to
precipitate nickel to form nickel powder.

[0011]

The second aspect of selected embodiments 1s a
method for producing nickel powder, sequentially
including: a mixing step of adding, to a solution

containing a nickel ammine sulfate complex, an insoluble



solid as seed crystals and a polyacrylate or
lignosulfonate as a dispersant to form a mixed slurry; a
reduction and precipitation step of charging a reaction
veslsel with the mixed slurry and blowing hydrogen gas
into the mixed slurry 1n the reaction vessel to reduce
nickel complex ions in the mixed slurry to form
preclplitate of nickel particles on the surface of the
insoluble solid; and a separation step of separating and

recovering the precipitaté of nickel particles from the

insoluble solid.

[0012]

The third aspect of selected embodiments is a method
for producing nickel powder, sequentially including: a
mixing step of adding, to a solution contalning a nickel
ammine sulfate complex, an 1nsoluble solid as seed
crystals and a polyacrylate or lignosulfonate as a
dispersant to form a milxed slurry; a reduction and
precipitation step of charging a reaction vessel with the
mixed slurry and blowing hydrogen gas into the mixed
slurry 1n the reaction vessel to reduce nickel complex
ions 1in the mixed slurry to form nickel precipitate on
the surface of the insoluble solid; and a separation step
of separating and recovering the precipitate of nickel
particles from the insoluble solid, wherein the amount of
the dispersant added i1n the mixing step is controlled to
control the number of the nickel powder obtained by

formation of the nickel precipitate in the reduction and

precipitation step.

CA 2974483 2018-02-01



[0013]

The fourth aspect of selected embodiments 1s a
method for producing nickel powder according to the first
aspect of the invention, wherein the concentration of the

polyacrylate contained in the mixed solution 1is in the
range of 0.2 to 10.0 g/L.

(0014 ]

The fifth aspect of selected embodiments 1s a method
for producing nickel powder according to the third aspect
of the invention, wherein, in the case where the
dispersant added in the mixing step 1s the polyacrylate,
the amount of the polyacrylate added 1s more than 1% by
weight and 10% by weight or less of the amount of the
insoluble solid added to the mixed slurry.

[0015]

The sixth aspect of selected embodiments 1s a method
for producing nickel powder according to.the fi1fth aspect
of the invention, wherein the amount of the polyacrylate
added as the diSpersant is 2 to 6% by weight based on the

weight of the insoluble solid as the seed crystals.

[0010]

The seventh aspect o0f selected embodiments 1s a
method for producing nickel powder according to the

fourth to sixth aspect of the 1invention, wherein the

polyvacrylate as the dispersant 1s sodium polyacrylate

(PAA) .

CA 2974483 2018-02-01



[0017]

The eighth aspect of selected embodiments 1s a

method for producing nickel powder according to the third

aspect of the invention, wherein, in the case where the
dispersant added in the mixing step 1s the lignosulfonate,

the amount of the lignosulfonate added is 2% by weight or

ca

CA 2974483 2018-02-01
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more and 20% Dby weight or less of the amount of the

insoluble solld added to the mixed slurry.

Advantageous Effect of Selected Embodiments
[0018]

Selected embodiments can provide a method for
produclng the best fine nickel powder as seed crystals
used for economically and efficiently producing nickel
powder depending on required amount by a reduction and
precipitation method using hydrogen gas from a nickel
ammine sulfate complex solution. Thus, an industrially

remarkable effect can be achieved.

Brief Description of Drawings

(0019]

Figure 1 1s a production flow chart 1n the method for
producing nickel powder, 1in which only a dispersant 1is
added, according to the present invention.

Figure 2 1s a production flow chart 1n the method for
producing nickel powder, 1in which a dispersant and an
insoluble solid are added, according to the present

invention.

Figure 3 is a view showing the results of Example 1.

Figure 4 1s a view showlng the results of Example 2.

Figure 5 1s a vliew showing the results of Example 3.

Figure 6 1s a view showing the results of Example 4.
Figure /7 1s a graph showing the change 1n nickel

concentration of the solutlon after the reaction 1in each
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of Examples 5 to 8, together with the amount of sodium

polvacrylate used there.

Figure 8 shows the result of Comparative Example 2 and 1s
a graph showing the change 1in nickel concentration of a
mixed slurry with reaction time during hydrogen reduction.
Figure 9 1s a graph showing the relationship between the

number o©f nickel powder and the amount of sodium

polyacrylate added according to Example 9.
Figure 10 1s a graph showing the relationship between the

number o©of nickel powder and the amount o©of sodium

lignosulfonate added according to Example 10.

Description of Selected Embodiments

[0020]

Selected embodiments provide a method for producing
nickel powder 1including adding, to a nickel ammine
sulfate complex solution, a dispersant or a dispersant
and an insoluble solid as seed crystals to form a mixture
and blowing hydrogen gas 1nto the mixture to thereby

produce nickel powder, wherein a target amount of fine
nickel powder 1s produced by controlling the amount of

the dispersant added.

Hereinafter, the method for producing nickel powder

according to selected embodiments will be described with

reference to the production flow chart shown in Figures 1

and 2.
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[0021]

Nickel Ammine Sulfate Complex Solution

Examples of a sultable nickel ammine sulfate complex
solution used 1n 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 1ndustrial intermediate including one or a mixture
of two o©or more selected from nickel and cobalt mixed
sulfide, crude nickel sulfate, nickel oxide, nickel
hydroxide, nickel carbonate, nickel powder, and the like
with sulfuric acid or ammonlia according to the components
to obtain a nickel leaching solution (solution contailning
nickel), subjecting the nickel leaching solution to a
purification step such as solvent extraction, 10n
exchange, and neutralization to obtain a solution from
which 1mpurity elements 1n the nickel leaching solution
have been removed, and adding ammonia to the resulting
solution to form the nickel ammine sulfate complex

solution,
[0022]
Mixing Step

In this step, a dispersant 1s first added to the
nickel ammine sulfate complex solution.

Examples of the dispersant used here 1nclude, but
are not limited to, polyacrylates (refer to Figure 1)
when the dispersant 1s silngly added and wused; and
polyacrylates or lignosulfonates (refer to Figure 2) when

the dispersant 1s used 1in combination with an insoluble
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solid as seed crystals. Sultable examples 1nclude
polyacrylates available 1nexpensively and industrially
such as calcium polyacrylate, sodium polyacrylate, and
potassium polyacrylate, and lignosulfonates such as
calcium lignosulfonate, sodium lignosulfonate, and
potassium lignosulfonate.

[0023]

Further, the concentration of ammonium sulfate 1in
the solution is preferably in the range of 10 to 500 g/L,
1n both the production methods shown in Figures 1 and 2.
It the concentration is more than 500 g/L, the solubility
will Dbe exceeded, and crystals will be precipitated.
Further, since ammonium sulfate 1s newly formed by
reaction, 1t 1s difficult to achieve a concentration of
less than 10 g/L.

[0024]

Here, when nickel powder 1s ©produced using a
polyacrylate as a dispersant without using seed crystals
(a production method shown by the production flow in
Figure 1), a mixed solution in which the concentration of
ammonium sulfate and the concentration of the dispersant
are adjusted 1is prepared and fed to next reduction and
precipitation step. In this case, nickel powder can be
satisfactorily produced without seed crystals at a
concentration of the dispersant in the mixed solution in
the range of 0.2 to 10.0 g/L and a concentration of the

ammonium sulfate 1n the above range.

10
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[0025]

On the other hand, when an insoluble solid 1s used
as seed crystals and a polyacrylate 1s used as a
dispersant (a production method shown by the production
flow of Figure 2), the amount of the polyacrylate added
is more than 1% by weight and 10% by weight or less,
preferably 2% by weight or more and ©.0% by weight or
less, of the amount of the insoluble solid added to the
mixed slurry.

If the amount of the polyvacrylate added 1s 1% Dby
weight or less, nickel powder will not be precipitated,
but when the amount o©f the polyacrylate added 1s 2% by
weight or more, the insoluble solid 1s sufficiently
dispersed, and hence the number of nickel powder
generated in proportion to the amount of the polyacrylate
added can be preferably controlled. On the other hand,
the upper limit of the amount of the polyacrylate 1s 10%
by weight or less, more preferably 6% by weight or less,
because the number of nickel powder produced tends to
increase even 1f the upper limit 1s more than 6% by
weight, Dbut because the production of an excessively
large number of seed crystals makes them hard to handle
and induces agglomeration of dispersant particles, and
therefore 1t 18 not preferred 1in consideration of the

effect corresponding to the amount of the polyacrylate

added.

11
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[0026]

Further, when a lignosulfonate 1s used as a
dispersant (production method shown by the production
flow of Figure 2), the amount of the lignosulfonate added
1s 2% by weight or more and 20% by weight or less of the
amount of the insoluble solid added to the mixed slurry.

If the amount of the lignosulfonate added 1s less
than 2% by weight, nickel powder cannot be obtalned.
Therefore, the amount of the lignosulfonate added needs
to be 2% by weight or more. Partilicularly, the amount the
lignosulfonate added 1s preferably more than 5% by welght
because the number of nickel powder generated 1in
proportion to the amount of the lignosulfonate added can
be controlled.

(0027 ]
Addition of Insoluble Solid

In the production method shown 1n Filgure 2, an
insoluble solid which i1s 1insoluble at least 1in a nickel
ammine sulfate complex solution, 1n which the dispersant
concentration has been adjusted as described above, 1s
added to the complex solution and used as a matrix for
precipitation.

(0028]

The insoluble solid added here 1s not particularly
limited as long as 1t has a low solubility in a nickel
ammine sulfate complex solution, an agueous ammonlium
sulfate solution, or an alkali solution, and examples

thereof that c¢an be used include nickel powder, 1ron

12



CcaA 02974483 2017/-07-20

powder, alumina powder, zirconia powder, and silica
powder.
[0029]

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 invention, after the
required precipitation on the surface of the 1nsoluble
solid has been completed, the precipitate which has been
precipitated and grown L1s separated from the 1nsoluble
solid, and only the powder portion of the separated
precipitate 1is used as a product. According to such a
method of the present invention, the 1i1nfluence on the
product caused Dby an 1mpurility contalned 1n the seed
crystals themselves can be avoided.

10030]

The amount of the 1nsoluble solid added 1s not
particularly limited, but the amount at which mixing by
stirring can be achieved when the 1nsoluble solid 1s
added to the nickel ammine sulfate complex solution 1is
selected depending on the type of the solid. As an

example, the amount added may be about 50 to 100 g/L.

The shape and the size of the insoluble solid are

also not particularly limited. However, since the nickel

precipitate 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 1mpact and friction and a shape

13
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with a smooth surface so that the nickel precipitate can

be effectively separated.
[0031]

Further, 1in terms of effective separation between
the insoluble solid and the nickel precipitate on the
surface thereof, for example, an insoluble solid having a
diameter of about 0.05 to 3 mm and a shape with no edges
such as spherical or elliptical 1s easily used 1in real
operation.

[0032]

Note that the insoluble solid 1s preferably used as
an 1insoluble solid of the present invention after a
deposit and the 1like on the surface of the 1nsoluble
solid 1s removed by giving collision and 1mpact before
nickel 1s precipitated.

[0033]

Further, the insoluble solid from which the nickel
precipitate 1s separated can also be repeatedly used
again after being subjected to pretreatment such as

washing as needed.

[0034]
Reduction and Precipitation Step

Then, a reaction vessel resistant to high pressure
and high temperature 1s charged with a mixed slurry
formed by adding only a dispersant or a dispersant and an
insoluble soclid, and hydrogen gas 1s blown into the mixed
slurry 1in the reactilion vessel to reduce nickel complex

ions 1n the mixed slurry. In a mixed slurry to which

14
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only a dispersant 1s added, nickel 1is precipitated using
various fine particles present in the slurry as nuclei to
form nickel powder. On the other hand, in a mixed slurry
to which both a dispersant and an insoluble solid are
added, nickel 1s precipitated on the 1insoluble solid
added.

[0035]

The reaction temperature at this time 1s preferably

in the range of 150 to 200°C.

If the reaction temperature 1is less than 150°C,
reduction efficiency will-be reduced, and even 1f 1t 1s
more than 200°C, the reaction will not be affected, but
the loss of thermal energy will 1ncrease. Therefore,
these temperatures are not suitable.

(0036]

Further, the pressure during the reaction 1is
preferably 1.0 to 4.0 MPa.

If the pressure 1s less than 1.0 MPa, reaction
efficiency 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 1ncrease.
[0037]
By the reduction and precipitation treatment under

such conditions, nickel can be extracted and recovered
from the nickel ammine sulfate complex solution by the
effect of a dispersant; nickel precipilitate 1s formed on
the insoluble solid as a fine powdered precipitate by the

effect of a dispersant, and nickel can be extracted and

15
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recovered from the nickel ammine sulfate complex
solution; and the amount of the nickel powder formed by
precipitation can be adijusted by adjusting the amount of

the dispersant added.

[0038]
Separation Step

This step 1s a step performed when an 1insoluble
solid 1s wused, 1n which, since the nickel precipitate
formed 1s 1in a state where it adheres to the insoluble
solid and cannot be utilized 1n this state, the nickel
precipitate formed on the surface 1is separated and

recovered from the inscluble solid.

[0039]

Examples o©f specific separation methods of the
nickel precipitate include a method of obtaining nickel
powder by putting the whole 1nsoluble solid and nickel
preclpltate 1n water so that the nickel precipitate 1is
not oxidized by heat generation, rotating the insoluble
solid to collide the insoluble solids with each other to
separate the nickel precipitate on the surface, and
sileving the separated nickel precipitate; a method of
cbtaining nickel powder by rotating the insoluble solid
on a wet sleve to sleve separated nickel precipitate at
the same time; and a method of obtaining nickel powder by
applying an ultrasonic wave to a liquid to apply
vibration to the 1nsoluble solid to separate nickel

precipltate and sieving the separated nickel precipitate.

16
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In the sieving, a sieve having an opening that 1s finer
than the size of the insoluble solid can be used.
10040 ]

The nickel powder produced as described above can be
used, for example, for nickel paste which 1s an 1internal
constituent of multi-layer ceramic capacitors, and, 1n
additicon, 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

[0041 ]

Embodiments will be described below using Examples.

Example 1

[0042]

Mixing Step

A nickel ammine sulfate complex solution was formed

by adding 191 ml of 25% aquecus ammonia to a solution
containing 336 g of nickel sulfate hexahydrate, which
corresponds to 75 g of nickel, and 330 g of ammonium
sulfate. Then, along the production flow shown in Figure
1, 0.2 g of scdium polyacrylate was first added to the

solution to form a mixed solution, the total volume of

which was then adjusted to 1000 ml by adding pure water.

17
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[(0043]
Reduction and Precipitation Step

Next, an inner cylinder of an autoclave was charged
with the prepared mixed solution; the mixed solution was
heated to 185°C with stirring; hydrogen gas was Dblown
into the mixed solution while keeping the temperature;
and hydrogen gas was fed from a c¢ylinder so as to
maintain the pressure 1in 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, the feeding of
hydrogen gas was stopped, and the 1inner cylinder was
cooled.
10044 ]
Filtration Step

After cooling, the slurry 1n the 1nner cylinder was
filtered, and 42.7 g of nickel powder was recovered.

When the recovered nickel powder was observed, 1t
was verified that fine nickel powder was formed as shown

in Figure 3.

Example 2
[0045]

Nickel powder was produced in the same manner as 1in

the above Example 1 except that 1.0 g of sodium
polyacrylate was added.
As a result, 59.0 g of fine nickel powder was

recovered as shown 1in Figure 4.

18
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Example 3
(004 6]

Nickel powder was produced 1n the same manner as 1n

the above Example 1 except that 5.0 g of sodilum

polyvacrylate was added.

As a result, 8.2 g of fine nickel powder was

recovered as shown 1in Figure 5.

Example 4
10047 ]

Nickel powder was produced 1in the same manner as 1n

the above Example 1 except that 10 g of sodium

polvacrylate was added.

As a result, 57.0 g of fine nickel powder was

recovered as shown in Figure 6.

Example o

[0048]

Mixing Step

A nickel ammine sulfate complex solution was formed

by adding 191 ml of 25% aqueous ammonia to a solution

containing 336 g of nickel sulfate hexahydrate, which
corresponds to 75 g of nickel, and 330 g of ammonium

sulfate. Then, along the production flow shown 1n Figure

2, 15 g of nickel powder having an average particle size

(D50) of 85 um was first added to the solution as an

insoluble solid used as a matrix for precipitation to be

used as seed crystals after adding 1.5 g of sodium

19
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polyacrylate having a molecular weight of 4000 as a
dispersant, which corresponds to 2% by weight of the
welght of the insoluble solid used as seed crystals. The
volume of the mixture was then adjusted to 1000 ml by
addlng pure water to prepare a mixed slurry.
[0049]
Reduction and Precipitation Step

Next, an 1nner cylinder of an autoclave was charged
wlth the mixed slurry prepared as described above; the
mixed slurry was heated to 185°C with stirring; hydrogen
gas was blown from a cylinder into the mixed slurry while
keeping the temperature; and hydrogen gas was fed so as
to malntaln the pressure in the 1inner cylinder of the
autoclave at 3.5 MPa.
[0050]

A reduced slurry as a sample was removed from a

sampling port of the autoclave every 2 minutes after the

start of the feeding of hydrogen gas, and the sample was
subjected to solild-ligquid separation to analyze the
nickel concentration 1n a filtrate. As the reaction
proceeds, nickel 1s precipitated as powder, and the
resulting nickel concentration 1in the filtrate 1s reduced.
[0051]

As shown 1n Figure 7, 80% or more of nickel was able
to be reduced and recovered 1n 30 minutes based on the
calculation from the concentration change of nickel 1in

the filtrate.

20
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[0052]

After a lapse of 30 minutes from the start of the
feeding of hydrogen gas, the feeding of hydrogen gas was
stopped, and the inner c¢ylinder was cooled. After
ccoling, the slurry in the inner cylinder was filtered,
and 42.7 g of precipitated nickel powder was recovered.

When the recovered nickel powder was observed, it

was verified that nickel powder that 1s so fine as to be

able to be used as seed crystals was formed.

Example ©
[0053]
Nickel powder was produced and recovered under the

same conditions and 1n the same manner as 1n the above

Example 5 except that sodium polyacrylate was added 1n an
amount of 4.5 g, which corresponds to 6% by weight of the
welght of seed crystals.

As shown 1n Figure 7/, 80% or more of nickel was able

to be reduced and recovered in 220 minutes similar to

Example 5.

Example 7/
(0054 ]

Nickel powder was produced and recovered under the
same conditions and 1n the same manner as 1n the above
Example 5 except that sodlum polyacrylate was added 1n an
amount of 7.5 g, which corresponds to 10% by weight of

the weight of seed crystals.

21
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As shown 1in Figure 7, 80% cor more of nickel was able

to be reduced and recovered 1in 30 minutes similar to

Example 5.

Example 8
[0055]

Nickel powder was produced and recovered under the
same condiliticons and 1n the same manner as 1n the above
Example 5 except that sodium polvacrylate was added i1in an
amount of 0.75 g, which corresponds to 1% by weight of
the weight of seed crystals.

As shown 1in Figure 7, about 50% of nickel was able
to be reduced and recovered 1n 30 minutes based on the

calculation from the concentration change.

[0056]

Comparative Example 1
Nickel powder was produced without adding a
dispersant and an 1nsoluble solid, 1n which other

conditions such as solution composition and reduction

conditions were the same as in Example 5.

The nickel concentration 1n the sampled solutions
dropped from 75 g/L to about 45 g/L. However, nickel
powder was not able to be recovered from the solution
after completion o©f Dblowing hydrogen gas, Dbut the
formation of plate-shaped nickel scaling was able to be
observed on a side wall 1n an inner cylinder and on a

stilrrer.
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[0057/]
Comparative Example 2

Nickel powder was produced 1in the same manner as 1n

Example 5 except that a dispersant was not added and 75 g
of nickel powder was added as an insoluble solid.

As shown in Figure 8, only about 20% of nickel was
able to be reduced in 30 minutes based on the calculation

from the concentration change.

Example 9
[0058]

A nickel ammine sulfate complex solution was
prepared by adding 191 ml of 25% aqueous ammonia to a
solution containing 336 g of nickel sulfate hexahydrate,
which corresponds to 75 g of nickel, and 330 g of
ammonium sulfate.

Further, along the production flow shown in Figure Z,
solutions containing sodium  polyacrylate having a
molecular weight of 4000 1n a concentration of 40% were
added in an amount of 0.38 g, 1.88 g, 3.75 g, 7.5 g, and
11.3 g to each of the prepared nickel ammine sulfate
complex solutions to prepare five solutions, 1n which the
total volume was adjusted to 1000 ml.

[0059]
To each of the prepared solutions, was added 75 g of

nickel powder having an average particle size (D50) of 85

um as an  1nsoluble solid wused as a matrix for

precipitation to prepare a desired mixed slurry.
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The amount o©of sodium polyacrylate added  here
corresponds to 0.2% by weight, 1% by weight, 2% by welght,
4% by weight, and ©% by weight 1in purity, respectively,
of the amount of the insoluble solid.

[ 0060 ]

Next, an inner cylinder of an autoclave was charged
with the prepared mixed slurry; the mixed slurry was
heated to 185°C with stirring; hydrogen gas was Dblown
into the mixed slurry while keeping the temperature; and
hydrogen gas was fed so0 as to malintain the pressure in
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 1nner cylinder was cooled.

[0061]
Separation Step

After coocling, the slurry in the inner cylinder was

filtered to recover a composite of the insoluble solid

and nickel precipitate, and a wet sileve having an opening

of 75 um was then used to apply vibration to the

composlite to separate the insoluble solid as a matrix and
the nickel precipitate on the surface to recover nickel

powder.
[C062]

The recovered nickel powder that passed through the
sleve was measured for the particle size with a particle

size distribution device (trade name: type 9320-X100,
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manufactured by Microtrac Inc.) to determline particle
size distribution.

The recovered nickel powder was assumed to be a real
sphere, and the number of the recovered nickel powder was
calculated by the following eguation (1) using the
measured average particle size: D and the density of
nickel: p = 8.9 g/cm’.

[0063]

Expression 1

Number of nickel powder = (Mass of recovered nickel
powder)/[8.9 x 4n x (D/2)°/3]- (1)

(00064 ]

The relationship between the number of nickel powder
and the amount of sodium polyacrylate added calculated 1n
this way 1s shown 1n Figure 9.

Figure 9 shows that a correlation 1s seen Dbetween
the amount of sodium polyacrylate added and the number of
nickel powder, and that the amount of nickel powder
generated can be adjusted by the amount of sodium

polyacrylate added.

Particularly, Figure 9 shows that, although nickel
powder cannot be obtained when the amount of sodium
polyvacrylate added 1s 1.0% by weight or less, the number
of nickel powder generated 1n proportion to the amount of
sodium polyacrylate added can be controlled when the

amount 1s more than 1.0% by weight.
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Example 10
(0065 ]

Nickel powder was produced in the same manner as 1n

Example 9 except that sodium lignosulfonate was used as a
dispersant in an amount of 1.5 g, 3.0 g, 4.5 g, 7.5 g,
11.3 g, and 15.0 g.

The amount of the lignosulfonate added corresponds
to 2% by weight, 4% by weight, 6% by weight, 10% by
welight, 15% by weight, and 20% by weight, respectively,
of the amount of the insoluble solid.

[0066]
The number of nickel powder obtained was calculated

by the calculation method using the above equation (1) in

the same manner as 1n Example 0.
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Claims

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

a mixing step of adding a polyacrylate to a solutilon
containing a nickel ammine sulfate complex to form a
mixed solution; and

a reduction and precipitation step of charging a
reaction vessel with the mixed solution and Dblowing
hydrogen gas into the mixed solution 1in the reaction
vessel to bring the hydrogen gas into contact with the
mixed solution to reduce nickel complex ions in the mixed

solution to precipitate nickel to form nickel powder.

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

a mixing step of adding, to‘a solution containing a
nickel ammine sulfate complex, an insoluble solid as seed
crystals and a polyacrylate or lignosulfonate as a
dispersant to form a mixed slurry;

a reduction and precipitation step of charging a
reaction vessel with the mixed slurry and blowing
hydrogen gas into the mixed slurry in the reaction vessel
to reduce nickel complex ions 1n the mixed slurry to form

precipitate of nickel particles on a surface of the

insoluble solid; and

a separation step of separating and recovering the

precipitate of nickel particles from the insoluble solid.
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3. A method for producing nickel powder, sequentially
comprising:

a mixing step of adding, to a solution containing a
nickel ammine sulfate complex, an insoluble solid as seed
crystals and a polyacrylate or lignosulfohate as a
dispersant to form a mixed slurry;

a reduction and precipitation step of charging a
reaction vessel with the mixed slurry and blowing
hydrogen gas into the mixed slurry 1n the reaction vessel
to reduce nickel complex ions in the mixed slurry to form
nickel precipitate on a surface of the 1insoluble solid;
and

a separation step of separating and recovering the
precipitate of nickel particles from the insoluble solid,
wherein

an amount of the dispersant added in the mixing step
is controlled to control the number of the nickel powder
obtained by formation of the nickel precipitate in the

reduction and precipitation step.

4 . The method for producing nickel powder according to
claim 1, wherein a concentration of the polyacrylate

contained in the mixed solution is in a range of 0.2

to 10.0 g/L.
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5. The method for producing nickel powder according to

claim 3, wherein, in a case where the dispersant added 1in

the mixing step 1s the polyacrylate, an amount of the

weight or less of an amount of the insoluble solid added

to the mixed slurry.

o . The method for producing nickel powder according to
claim 5, wherein an amount of the polyvacrylate added as
the dispersant is 2 to 6% by weight based on the weilght

of the insoluble solid as the seed crystals.

7. The method for producing nickel powder according to

any one of claims 4 to 6, wherein the polyacrylate as the

dispersant is sodium polyacrylate (PAA).

3 . The method for producing nickel powder according to

claim 3, whereih, in a case where the dispersant added 1n

the mixing step 1s the lignosulfonate, an amount of the
lignosulfonate added is 2% by weilight or more and 20% by
weight or less of the amount of the insoluble solid added

to the mixed slurry.
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Fig. 1

NICKEL AMMINE SULFATE COMPLEX SOLUTION
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MIXING STEP
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2/ 6
Fig.2

'NICKEL AMMINE SULFATE COMPLEX SOLUTION

DISPERSANT
(POLYACRYLATE OR
LIGNINOSULFONATE)

INSOLUBLE SOLID

MIXING STEP

MIXED SLURRY

2 l

HYDROGEN REDUCTION AND PRECIPITATION STEP
(UNDER PRESSURE) W
INSOLUBLE SOLID/NICKEL PRECIPITATE
COMPOSITE

SEPARATION STEFP

INSOLUBLE SOLID <

NICKEL POWDER
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Fig.d

Fig.6
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Fig.9
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