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METHOD FOR PRODUCING NICKEL SULFIDE AND HYDROMETALLURGICAL

METHOD FOR NICKEL OXIDE ORE

TECHNICAL FIELD

The present invention relates to a method for producing
nickel sulfide, and more particularly to a method for
producing nickel sulfide in which nickel sulfide is obtained
by blowing hydrogen sulfide gas into an acidic aqueous
solution of sulfuric acid containing nickel and cobalt for
sulfidization in a sulfidization step in a hydrometallurgical
method for nickel oxide ore using a high pressure acid
leaching method and a hydrometallurgical method for nickel
oxide ore to which the method for producing nickel sulfide is

applied.

BACKGROUND ART

Hitherto, as a smelting method for nickel, a method in
which a mat having a nickel grade of about 30% by mass is
obtained by dry smelting of nickel sulfide ore and electric
nickel is then produced by a chlorine leaching-electrolytic
winning method.

In recent years, a high pressure acid leaching (HPAL)
method using sulfuric acid has attracted attention as a
hydrometallurgical method for nickel oxide ore. This method
does not include dry treatment steps such as reduction and
drying steps but includes consistent wet steps unlike general

conventional smelting methods for nickel oxide ores, and it is
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thus advantageous in terms of energy and cost. In addition,
there is an advantage that it is possible to obtain a sulfide
containing nickel (hereinafter, also referred to as "nickel
sulfide") in which the nickel grade is improved to about 50%
by mass. This nickel sulfide is produced as follows. A
sulfide precipitate is generated by purifying the leachate
obtained by leaching nickel oxide ore and then blowing
hydrogen sulfide gas into the leachate in the sulfidization
step to cause a sulfidization reaction. The nickel sulfide is
recovered by subjecting the slurry obtained from the
sulfidization reaction to a sedimentation separation treatment
using a solid-liguid separation device such as a thickener.

The particle diameter of nickel sulfide to be
precipitated and generated is in an appropriate range. When
the particle diameter is too small, moisture contained in the
sulfide powder that is pressed and dried after solid-ligquid
separation increases and the powder is cured, for example,
during transportation after being pressed. In addition, the
entire surface area of the powder increases, thus the porosity
increases, the volume increases as compared to powders having
a larger particle diameter even of the same weight, and the
conveyance cost increases. Meanwhile, when the particle
diameter is too large, the nickel concentration after the
sulfidization reaction increases and the actual yield of
nickel decreases.

However, in the related arts, a method for controlling

the particle diameter of nickel sulfide to be obtained is not
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established in a method for obtaining nickel sulfide from an
acidic solution of sulfuric acid containing nickel, and a
method for stably producing nickel sulfide having a desired
particle diameter is demanded.

Patent Document 1 discloses a method in which a complex
salt solution of an ion of a base metal such as nickel is
atomized by using a nebulizer so as to have a certain particle
diameter, the complex salt solution of atomized base metal is
brought into contact with or introduced into a reducing
solution or reducing gas which reacts with this base metal to
instantly reduce the particulate base metal complex salt to a
metal, and the fine metal powder thus obtained is recovered.
More specifically, this citation 1 discloses a method for
controlling the particle diameter of the fine metal powder by
changing the solution concentration of the metal complex and
the diameter of the nozzle mesh which is attached to the
nebulizer and controls the diameter of the droplet discharged
from the nebulizer. However, in the case of applying this
method to the hydrometallurgical method for nickel oxide ore,
suspended solids contained in the leachate to be supplied to
the sulfidization step become clogged in the pores of the
nebulizer and this causes a decrease in the working rate of
operation.

Patent Document 1: Japanese Unexamined Patent Application,

Publication No. 2006-75708

DISCLOSURE OF THE INVENTION
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Problems to be Solved by the Invention

The present invention has been made in view of the above
circumstances, and seeks to provide a method for producing
nickel sulfide that can control the particle diameter of
nickel sulfide to be obtained in a method for obtaining nickel
sulfide from an acidic solution of sulfuric acid containing
nickel.

The present inventors have conducted intensive
investigations to solve the problems described above. As a
result, it has been found out that it is possible to stably
obtain nickel sulfide of which the particle diameter is
controlled to be in a predetermined range by adding nickel
sulfide having an adjusted particle diameter at a proportion
to be in a specific amount with respect to the amount of
nickel contained in an acidic solution of sulfuric acid and
blowing hydrogen sulfide gas into the acidic solution of
sulfuric acid to which a seed crystal has been added in a
specific blow gquantity to cause a sulfidization reaction,
thereby completing the present invention. In other words, the
present invention provides the following.

(1) A first aspect of the present invention is a method
for producing nickel sulfide, the method including obtaining
nickel sulfide by blowing hydrogen sulfide gas into an acidic
solution of sulfuric acid containing nickel to cause a
sulfidization reaction, in which nickel sulfide having a

particle diameter of from 5 to 20 pum as a seed crystal is added



to the acidic solution of sulfuric acid having a nickel
concentration of from 0.5 to 5.0 g/L in an amount to be at a
proportion of from 40 to 500% by mass with respect to an
amount of nickel contained in the acidic solution of sulfuric
acid and the hydrogen sulfide gas is blown into the acidic
solution of sulfuric acid to which the seed crystal is added
whose blow quantity is from 0.30 to 0.85 Nm’/kg-Ni.

(2) A second aspect of the present invention is the
method for producing nickel sulfide according to the first
aspect, in which a plurality of sulfidization reaction tanks
are used and hydrogen sulfide gas of the blow quantity is
blown at least into a first sulfidization reaction tank for
initially causing a sulfidization reaction.

(3) A third aspect of the present invention is the method
for producing nickel sulfide according to the first or second
aspect, in which nickel sulfide having a particle diameter of
from 5 to 20 um as the seed crystal is added at a proportion of
from 100 to 150% by mass with respect to an amount of nickel
contained in the acidic solution of sulfuric acid containing
nickel.

(4) A fourth aspect of the present invention is the
method for producing nickel sulfide according to any one of
the first to third aspects, in which the blow quantity of
hydrogen sulfide gas is from 0.33 to 0.82 Nm®/kg-Ni.

(5) A fifth aspect of the present invention is the method
for producing nickel sulfide according to any one of the first

to fourth aspects, in which nickel sulfide obtained by the
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sulfidization reaction is repeatedly used as nickel sulfide to
be added as the seed crystal.

(6) A sixth aspect of the present invention is the method
for producing nickel sulfide according to any one of the first
to fifth aspects, in which the acidic solution of sulfuric
acid containing nickel is a leachate obtained by subjecting
nickel oxide ore to a leaching treatment using sulfuric acid
in a hydrometallurgical method for nickel oxide ore.

(7) A seventh aspect of the present invention is a
hydrometallurgical method for nickel oxide ore to leach out
nickel from nickel oxide ore by using sulfuric acid and to
generate a sulfide containing nickel from the leachate
obtained, the method including a sulfidization step of adding
nickel sulfide having a particle diameter of from 5 to 20 pum as
a seed crystal to a leachate having a nickel concentration of
from 0.5 to 5.0 g/L in an amount to be at a proportion of from
40 to 500% by mass with respect to an amount of nickel
contained in the leachate and blowing hydrogen sulfide gas
into the leachate to which the seed crystal is added whose
blow quantity is from 0.30 to 0.85 Nm3/kg-Ni to cause a
sulfidization reaction.

Effects of the Invention

According to an aspect of the present invention, there is
provided a method for producing nickel sulfide, the method
comprising obtaining nickel sulfide by blowing hydrogen

sulfide gas into an acidic solution of sulfuric acid
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containing nickel to cause a sulfidization reaction, wherein
nickel sulfide having a particle diameter of from 10 to 60 um
is recovered by using a plurality of sulfidization reaction
tanks, adding nickel sulfide having a particle diameter of
from 5 to 20 pum as a seed crystal to the acidic solution of
sulfuric acid having a nickel concentration of from 0.5 to 5.0
g/L in an amount to be at a proportion of from 40 to 500% by
mass with respect to an amount of nickel contained in the
acidic solution of sulfuric acid in a first sulfidization
reaction tank for initially causing a sulfidization reaction,
and adjusting a blow quantity of hydrogen sulfide gas to be
blown into the first sulfidization reaction tank to from 0.33
to 0.82 Nm3/kg-Ni.

According to another aspect of the present invention,
there is provided a hydrometallurgical method for nickel oxide
ore to leach out nickel from nickel oxide ore by using
sulfuric acid and to generate a sulfide containing nickel from
the leachate obtained, the method comprising: a sulfidization
step of recovering nickel sulfide having a particle diameter
of from 10 to 60 um by using a plurality of sulfidization
reaction tanks, adding nickel sulfide having a particle
diameter of from 5 to 20 um as a seed crystal to a leachate
having a nickel concentration of from 0.5 to 5.0 g/L in an
amount to be at a proportion of from 40 to 500% by mass with
respect to an amount of nickel contained in the leachate in a
first sulfidization reaction tank for initially causing a

sulfidization reaction, and adjusting a blow quantity of
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hydrogen sulfide gas to be blown into the first sulfidization
reaction tank to from 0.33 to 0.82 Nm3/kg-Ni.

According to the present invention, it is possible to
obtain nickel sulfide of which the particle diameter is

controlled to be in a predetermined range.

BRIEF DESCRIPTION OF THE DRAWINGS



Fig. 1 is a process chart illustrating the procedure of a
hydrometallurgical method for nickel oxide ore.

Fig. 2 is a graph illustrating the relationship between
the average particle diameter of nickel sulfide generated and

the blow quantity (added quantity) of hydrogen sulfide gas.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

Hereinafter, specific embodiments of the present
invention (hereinafter referred to as the "present
embodiments") will be described in detail. Incidentally, the
present invention is not limited to the following embodiments,
and various modifications are possible without changing the
gist of the present invention.

Incidentally, in the present specification, the case of
expressing "X to Y" (X and Y are arbitrary numerical values)
means "from X or more to Y or less" unless otherwise stated.
<<1. Overview>>

The method for producing nickel sulfide according to the
present embodiment is a method for obtaining nickel sulfide by
blowing hydrogen sulfide gas into an acidic solution of
sulfuric acid containing nickel to cause a sulfidization
reaction. Here, nickel sulfide is a sulfide containing nickel,
and it also includes a mixed sulfide of nickel and another
metal such as cobalt.

Specifically, in this method for producing nickel sulfide,
nickel sulfide having a particle diameter of from 5 to 20 um as

a seed crystal is added to the acidic solution of sulfuric
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acid containing nickel at a concentration of from 0.5 to 5.0
g/L in an amount to be at a proportion of from 40 to 500% by
mass with respect to the amount of nickel contained in the
acidic solution of sulfuric acid. Moreover, hydrogen sulfide
(H2S) gas is blown into the acidic solution of sulfuric acid to
which the seed crystal is added by setting the blow quantity
to from 0.30 to 0.85 Nm®/kg-Ni to cause a sulfidization
reaction.

As will be described later, this method for producing
nickel sulfide can be applied to the treatment in a
sulfidization step in a hydrometallurgical method for nickel
oxide ore. At this time, a leachate obtained by subjecting the
nickel oxide ore to the leaching treatment using sulfuric acid
can be used as the acidic solution of sulfuric acid containing
nickel. Incidentally, as will be described later, the
neutralized final liquid obtained by neutralizing the leachate
obtained through the leaching treatment with a neutralizer may
be used.

The acidic solution of sulfuric acid containing nickel is
an acidic aqueous solution of sulfuric acid having a nickel
concentration of from 0.5 to 5.0 g/L. This acidic solution of
sulfuric acid may contain, for example, cobalt, iron,
manganese, magnesium, aluminum, chromium, and lead as elements
other than nickel. In the method for producing nickel sulfide
according to the present embodiment, the sulfidization
reaction is caused by introducing such an acidic solution of

sulfuric acid containing nickel as a sulfidization reaction
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starting liquid (hereinafter, also simply referred to as the
"starting ligquid") into a pressure resistant sulfidization
reaction tank and blowing hydrogen sulfide gas as a
sulfidizing agent into the reaction tank.

With regard to the nickel concentration in the acidic
solution of sulfuric acid to be the sulfidization reaction
starting liquid, the actual yield of nickel decreases since
the nickel concentration is too low when it is less than 0.5
g/L. Meanwhile, in the case of an acidic solution of sulfuric
acid having a nickel concentration of more than 5.0 g/L, it is
required to prepare the acidic solution of sulfuric acid by
using, for example, nickel oxide ore having a high nickel
grade as a raw material, but such an oxide ore having a high
nickel grade is hardly available and it is thus difficult to
stably and efficiently obtain nickel sulfide.

Here, in the sulfidization reaction tank in which the
sulfidization reaction takes place, after the acidic solution
of sulfuric acid of the starting liquid is introduced
thereinto, hydrogen sulfide gas supplied from a hydrogen
sulfide gas producing facility or the like is blown into the
gas phase portion in the reaction tank and the hydrogen
sulfide gas in the gas phase is dissolved in the liquid phase,
whereby the sulfidization reaction proceeds.

The sulfidization reaction tank is not particularly
limited, but for example, it is possible to use a multistage
continuous stirring sulfidization reaction facility consisting

of plural stages of sulfidization reaction tanks such as four
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stages. Usually, the sulfidization reaction tank is a sealed
type reaction tank equipped with an inlet for introducing the
reaction starting liquid, an outlet for discharging the slurry
after the reaction, a gas blowing port for blowing hydrogen
sulfide gas, and an exhaust gas outlet for discharging a part
of the gas in the sulfidization reaction tank as exhaust gas.
Specifically, for example, in the sulfidization reaction
facility consisting of the four stages of sulfidization
reaction tanks as described above, first, an acidic solution
of sulfuric acid containing nickel of a reaction starting
liquid is introduced into the first sulfidization reaction
tank of the initial reaction tank among the reaction tanks
which are continuously provided and also hydrogen sulfide gas
is blown into the gas phase portion in the reaction tank
through the gas blowing port. Thereafter, when the
sulfidization reaction is caused in the first sulfidization
reaction tank for a predetermined time, the solution
containing the generated nickel sulfide is then transferred
into the second sulfidization reaction tank and hydrogen
sulfide gas 1is appropriately supplied thereto to cause the
sulfidization reaction. Thereafter, the sulfidization reaction
sequentially proceeds in the third sulfidization reaction tank
and the fourth sulfidization reaction tank, and nickel sulfide
and the poor liquid of the reacted final liquid are separated
from the slurry after the reaction obtained in the fourth
sulfidization reaction tank by using a solid-liquid separation

device such as a thickener. In this manner, for example, in a
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sulfidization reaction facility consisting of four stages of
sulfidization reaction tanks in total, a reaction for the
generation of nickel sulfide based on the sulfidization
reaction takes place mainly in the first sulfidization
reaction tank and the so-called growth of nickel sulfide thus
generated takes place in the subsequent second to fourth
sulfidization reaction tanks.

In this manner, upon generating nickel sulfide from an
acidic solution of sulfuric acid containing nickel by a
sulfidization reaction, it is possible to efficiently cause
the generation of nickel sulfide and the growth of the nickel
sulfide generated to a desired size by using a sulfidization
reaction facility consisting of a plurality of sulfidization
reaction tanks.

In the method for producing nickel sulfide according to
the present embodiment, upon causing the sulfidization
reaction by using the sulfidization reaction tank as described
above, nickel sulfide adjusted to have a predetermined
particle diameter as a seed crystal is added to the
sulfidization reaction starting liquid introduced into the
reaction tank. In this manner, the seed crystal serves as a
nucleus for the generation of nickel sulfide to be newly
precipitated and generated by the sulfidization reaction by
adding nickel sulfide having a predetermined particle diameter
as the seed crystal, and it is possible to enhance the
settleability of fine nickel-containing particles present in

the solution by increasing the particle diameter of the nickel
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sulfide particles to be generated. This makes it possible to
sufficiently recover the fine particles as a precipitate of
nickel sulfide.

Specifically, in this method for producing nickel sulfide,
as a seed crystal, nickel sulfide adjusted to have a particle
diameter of from 5 to 20 um is added in an amount to be at a
proportion of from 40 to 500% by mass with respect to the
amount of nickel contained in the sulfidization reaction
starting liquid.

The method for adjusting the particle diameter of nickel
sulfide to be added as a seed crystal is not particularly
limited, and for example, the particle diameter can be
adjusted by performing a classification treatment at a
classification point set so that the particle diameter is
equal to or larger than a predetermined size by using a wet
cyclone (also referred to as "liquid cyclone"), a vibrating
type screen machine, or the like. Among the methods for
adjusting the particle diameter, it is particularly preferable
to use a method to perform a classification treatment using a
liquid cyclone. According to the method using a ligquid cyclone,
collision or contact between nickel sulfides occurs in the
cyclone, granulation proceeds by this, and it is thus possible
to more efficiently adjust the particle diameter to be in an
appropriate range.

As described above, the amount of nickel sulfide added as
a seed crystal is set to an amount to be at a proportion of

from 40 to 500% by mass with respect to the amount of nickel
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contained in the sulfidization reaction starting liquid. When
the amount of nickel sulfide added is less than 40% by mass
with respect to the amount of nickel in the sulfidization
reaction starting liquid, there is a possibility that nickel
sulfide to be obtained has a particle diameter of larger than
60 um. Meanwhile, when the amount of nickel sulfide added
exceeds 500% by mass with respect to the amount of nickel
contained in the starting liquid, there is a possibility that
the nickel concentration in the ligquid (reacted final liquid)
after the sulfidization reaction is completed is more than
0.25 g/L, and the actual yield of nickel decreases.

In addition, it is more preferable that the amount of
nickel sulfide added as a seed crystal is an amount to be at a
proportion of from 100 to 150% by mass with respect to the
amount of nickel contained in the sulfidization reaction
starting liquid. In this manner, by repeatedly using nickel
sulfide having a particle diameter of from 5 to 20 um as a seed
crystal so as to have an amount of nickel of from 100 to 150%
by mass with respect to the amount of nickel contained in the
sulfidization reaction starting liquid and adding hydrogen
sulfide gas in a predetermined blow quantity, it is possible
to more effectively control the particle diameter of nickel
sulfide to be obtained to be in the most preferable particle
diameter range, specifically, a particle diameter range of
from 10 to 60 pm.

In the method for producing nickel sulfide according to

the present embodiment, as described above, hydrogen sulfide
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gas is blown into the sulfidization reaction starting liquid
to which the seed crystal is added at a predetermined
proportion by adjusting the blow quantity to from 0.30 to 0.85
Nm®/kg-Ni.

When the blow quantity of hydrogen sulfide gas is less
than 0.30 Nm®/kg-Ni, supply of sulfur (S) for the sulfidization
reaction is insufficient so that the actual yield of nickel
decreases. Meanwhile, it is inefficient that the blow quantity
of hydrogen sulfide gas exceeds 0.85 Nm3/kg—Ni, sulfur more
than the amount of sulfur required for the sulfidization
reaction is supplied and a part of the blown hydrogen sulfide
gas 1is wasted.

In addition, as a method for adding (blowing method)
hydrogen sulfide gas, it is possible to add the entire
quantity of hydrogen sulfide gas to be supplied to the first
sulfidization reaction tank such that the addition rate of
hydrogen sulfide gas to the gas phase portion in the first
sulfidization reaction tank provided in the first position is
in a range of from 0.33 to 0.82 Nm3/kg—Ni, for example, in the
case of using a multistage continuous stirring reaction
facility. Alternatively, a part of hydrogen sulfide gas to be
supplied may be added to the second sulfidization reaction
tank while being distributed after the addition rate of
hydrogen sulfide gas in the first sulfidization reaction tank
is set to be in a range of from 0.33 to 0.82 Nm®/kg-Ni.

As described above, in the method for producing nickel

sulfide according to the present embodiment, nickel sulfide
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having a particle diameter of from 5 to 20 um as a seed crystal
is added to an acidic solution of sulfuric acid containing
nickel at a concentration of from 0.5 to 5.0 g/L

(sulfidization reaction starting liquid) in an amount to be at
a proportion of from 40 to 500% by mass with respect to the
amount of nickel contained in the acidic solution of sulfuric
acid and hydrogen sulfide gas is blown into the acidic

solution of sulfuric acid by setting the blow quantity to from
0.30 to 0.85 Nm’/kg-Ni to cause the sulfidization reaction.

According to such a method, the particle diameter of
nickel sulfide to be obtained by the sulfidization reaction
can be controlled to be in a predetermined range. Specifically,
it is possible to efficiently produce nickel sulfide of which
the average particle diameter is appropriately controlled to
be in a preferable range of about from 10 to 60 um.

Here, the particle diameter of nickel sulfide has an
appropriate range. When the particle diameter of nickel
sulfide is too small, the amount of moisture contained in the
nickel sulfide powder after the solid-liquid separation
treatment increases and the powder is cured. In addition, the
entire surface area of the powder increases, thus the porosity
increases, the volume increases as compared to powders having
a larger particle diameter even of the same weight, and the
conveyance cost increases. Meanwhile, when the particle
diameter is too large, the nickel concentration in the final
liquid after the sulfidization reaction increases and the

actual yield of nickel decreases. For these reasons, the
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particle diameter of nickel sulfide is preferably in a range
of from 10 to 60 pum and more preferably in a range of from 15
to 55 um as an average particle diameter.

Incidentally, as the seed crystal to be added to the
acidic solution of sulfuric acid containing nickel of the
sulfidization reaction starting liquid, it is preferable to
repeatedly use nickel sulfide obtained by the sulfidization
reaction based on the producing method. As described above, in
the method for producing nickel sulfide according to the
present embodiment, it is possible to obtain nickel sulfide of
which the average particle diameter is controlled to be in a
preferable range of from 10 to 60 pum, it is thus possible to
easily adjust the particle diameter to from 5 to 20 um by
classifying the nickel sulfide obtained without almost
increasing the cost, and the nickel sulfide can be suitably
used as a seed crystal.
<<2. Application in Hydrometallurgical Method for Nickel Oxide
Ore >>

In the method for producing nickel sulfide according to
the present embodiment, an acidic solution of sulfuric acid
containing nickel is used as a sulfidization reaction starting
liquid and hydrogen sulfide gas is added to this solution to
cause a sulfidization reaction. As the acidic solution of
sulfuric acid containing nickel, for example, it is possible
to use a leachate obtained by subjecting nickel oxide ore to a
leaching treatment using sulfuric acid, and the leachate is

subjected to the sulfidization reaction to obtain nickel
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sulfide. In this manner, the method for producing nickel
sulfide according to the present embodiment can be applied to
a hydrometallurgical method for recovering nickel from nickel
oxide ore.

Hereinafter, the overview of the hydrometallurgical
method for nickel oxide ore will be described, and a specific
aspect in which the method for producing nickel sulfide
described above is applied to the treatment in the
sulfidization step in the hydrometallurgical method will be
then described. 1Incidentally, as the hydrometallurgical method
for nickel oxide ore, a hydrometallurgical method using a high
pressure acid leaching method (HPAL method) in which leaching
is performed at a high temperature and a high pressure is
described as an example.
<2-1. Respective Steps in a Hydrometallurgical Method for
Nickel Oxide Ore >

Fig. 1 is a process chart illustrating an example of the
procedure of a hydrometallurgical method for nickel oxide ore.
As illustrated in Fig. 1, the hydrometallurgical method for
nickel oxide ore includes a leaching step S1 in which sulfuric
acid is added to a slurry of nickel oxide ore of the raw
material and the slurry is subjected to a leaching treatment
at a high temperature and a high pressure, a solid-ligquid
separation step S2 in which the residue is separated from the
leached slurry to obtain a leachate containing nickel and
cobalt, a neutralization step S3 in which the pH of the

leachate is adjusted and the impurity element in the leachate

SMMF-075



18

is separated as a neutralized sediment slurry to obtain a
neutralized final liquid, and a sulfidization step (nickel
recovery step) S4 in which hydrogen sulfide gas as a
sulfidizing agent is added to the neutralized final liquid to
generate nickel sulfide.

(1) Leaching Step

In the leaching step S1, sulfuric acid is added to a
slurry (ore slurry) of nickel oxide ore and the mixture is
stirred under conditions of a temperature of about from 230°C
to 270°C and a pressure of about from 3 MPa to 5 Mpa by using
a high temperature pressurized reaction tank such as an
autoclave to generate a leached slurry composed of a leach
residue and a leachate.

Examples of the nickel oxide ore may mainly include so-
called laterite ores such as limonite ore and saprolite ore.
The nickel content in the laterite ore is usually from 0.8 to
2.5% by weight, and nickel is contained as a hydroxide or a
magnesium silicate mineral. In addition, the content of iron
is from 10 to 50% by weight, iron is mainly in the form of a
trivalent hydroxide (goethite), but divalent iron is partly
contained in the magnesium silicate mineral. In addition, in
the leaching step S1, an oxide ore containing valuable metals
such as nickel, cobalt, manganese, and copper, for example,
reserves of manganese nodules on the deep ocean floor are used
in addition to such laterite ore.

In the leaching treatment in this leaching step S1, for

example, leaching reactions and high temperature thermal
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hydrolysis reactions represented by the following Formulas (i)
to (v) take place and leaching out of nickel, cobalt, and the
like as a sulfate and immobilization of iron sulfate leached
out as hematite are performed. However, immobilization of iron
ions does not proceed to completion, and the liquid portion of
the leached slurry to be obtained usually contains divalent
and trivalent iron ions 1in addition to nickel, cobalt, and the
like. Incidentally, in this leaching step S1, it is preferable
to adjust the pH of the leachate to be obtained to from 0.1 to
1.0 from the viewpoint of the filtration property of the leach
residue which is generated in the solid-liquid separation step
S2 of the next step and contains hematite.

Leaching Reaction
MO + H»SO, = MSO4 + H,O ... (1)

(Incidentally, M in Formula (i) represents Ni, Co, Fe, Zn, Cu,
Mg, Cr, Mn, or the like)

2Fe (OH)3 + 3H,S04 = Fe,(S0O4)3 + 6H,O ... (ii)

FeO + H,S04 = FeSO, + H,O ... (iii)

High Temperature Thermal Hydrolysis Reaction

2FeS0O4 + HyS04 +1/20, = Fe, (S04)3 + H,O ... (iv)

Fe,(S04)3 + 3HO = Fe,03 + 3H»S04 ... (V)

Incidentally, the amount of sulfuric acid added to the
autoclave charged with the ore slurry is not particularly
limited, but an excessive amount is used so that iron in the
ore 1s leached out. For example, it is from 300 kg to 400 kg
per 1 tonne of ore.

(2) Solid-Ligquid Separation Step
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In the solid-liquid separation step S2, the leached slurry
generated in the leaching step S1 is washed in multiple stages
to obtain a leachate containing valuable metals such as nickel
and cobalt and a leach residue.

In the solid-liquid separation step S2, the leached
slurry 1is subjected to a solid-liquid separation treatment
using a solid-ligquid separation device such as a thickener
after being mixed with the washing liquid. Specifically, first,
the leached slurry is diluted with the washing liquid, and
then the leach residue in the leached slurry is concentrated
as the sediment of the thickener. This makes it possible to
decrease the amount of nickel attached to the leach residue
according to the degree of dilution. Incidentally, in the
actual operation, it is possible to achieve an improvement of
the recovery rate of nickel by continuously using a thickener
having such a function in multiple stages.

(3) Neutralization Step
In the neutralization step S3, a neutralizer such as magnesium
oxide or calcium carbonate is added so as to adjust the pH to
4 or less while suppressing the oxidation of the leachate and
a neutralized sediment slurry containing trivalent iron and
neutralized final liquid as a mother liquid for nickel
recovery are obtained.

In the neutralization step S3, a neutralizer such as
calcium carbonate is added to the leachate so that the pH of
the neutralized final liquid to be obtained becomes 4 or less,

preferably from 3.0 to 3.5, more preferably from 3.1 to 3.2
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while the oxidation of the separated leachate is suppressed,
and the neutralized final liquid to be a source of the mother
liquid for nickel recovery and a neutralized sediment slurry
containing trivalent iron as an impurity element are formed.
In the neutralization step S3, by subjecting the leachate to
the neutralization treatment (liquid purification treatment)
in this manner, the impurities such as trivalent iron ions and
aluminum ions remaining in the solution are removed as a
neutralized sediment as well as the excess acid used in the
leaching treatment by the HPAL method is neutralized to
generate a neutralized final liquid.

Incidentally, the neutralized final liquid is a solution
based on the leachate obtained by subjecting nickel oxide ore
of the raw material to the leaching treatment (leaching step
S1) using sulfuric acid, and it is the acidic solution of
sulfuric acid containing nickel as described above. This
neutralized final liquid is a reaction starting liquid of the
sulfidization reaction in the sulfidization step S4 to be
described later, and it has a nickel concentration in a range
of about from 0.5 to 5.0 g/L. In addition, cobalt as a
valuable metal other than nickel is contained in this
neutralized final liquid, and this neutralized final liquid
contains iron, manganese, magnesium, aluminum, chromium, lead
and the like in trace amounts in some cases even if it is a
solution obtained through the liquid purification treatment.

[Sulfidization Step (Nickel Recovery Step)]

In the sulfidization step S4, the neutralized final liquid of
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the mother liquid for nickel recovery is used as the
sulfidization reaction starting liquid, hydrogen sulfide gas
of a sulfidizing agent is blown into the sulfidization
reaction starting liquid to cause the sulfidization reaction,
and nickel sulfide containing a small amount of impurity
components and a poor liquid (liquid after sulfidization) in
which the nickel concentration is stabilized at a low level
are generated. Incidentally, in a case in which zinc is
contained in the neutralized final liquid, zinc can be
selectively separated as a sulfide prior to the separation of
nickel as nickel sulfide.

The sulfidization treatment in the sulfidization step S4
can be performed by using a sulfidization reaction tank or the
like, and the sulfidization reaction is caused by blowing
hydrogen sulfide gas into the gas phase portion in the
sulfidization reaction tank in which the sulfidization
reaction starting liquid is introduced and dissolving the
hydrogen sulfide gas in the solution. By this sulfidization
treatment, nickel contained in the sulfidization reaction
starting liquid is immobilized and recovered as nickel sulfide.

Incidentally, after the sulfidization reaction is
completed, the slurry which is thus obtained and contains
nickel sulfide is charged into a sedimentation separation
apparatus such as a thickener and subjected to the
sedimentation separation treatment and only nickel sulfide is
separated and recovered from the bottom portion of the

thickener. Meanwhile, the aqueous solution component is
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recovered as a poor liquid by allowing it to overflow from the
top portion of the thickener.
<2-2. Sulfidization Step in Hydrometallurgical Method>

Here, the method for producing nickel sulfide described
above can be applied to the treatment in the sulfidization
step S4, namely, the sulfidization treatment for generating
nickel sulfide from the neutralized final liquid of the acidic
solution of sulfuric acid containing nickel.

In other words, in the sulfidization step S4 according to
the present embodiment, nickel sulfide having a particle
diameter of from 5 to 20 um as a seed crystal is added to the
neutralized final liquid having a nickel concentration of from
0.5 to 5.0 g/L (acidic solution of sulfuric acid containing
nickel) in an amount to be at a proportion of from 40 to 500%
by mass with respect to the amount of nickel contained in the
neutralized final liquid. Thereafter, hydrogen sulfide gas is
blown into the neutralized final liguid by adjusting the blow
quantity to from 0.30 to 0.85 Nm’/kg-Ni to cause the
sulfidization reaction.

The specific method for sulfidization treatment is the
same as the method for producing nickel sulfide described
above, and the detailed description thereof will be thus
omitted here. In the present embodiment, nickel sulfide having
an adjusted particle diameter as a seed crystal is added to
the neutralized final liquid at a predetermined proportion and
hydrogen sulfide gas is added to the neutralized final ligquid

in a predetermined blow quantity to cause the sulfidization
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reaction in this manner. This makes it possible to efficiently
and stably obtain nickel sulfide of which the particle
diameter is controlled to be in a predetermined appropriate
range.

As also illustrated in the process chart of Fig. 1, it is
preferable to repeatedly use a part of the nickel sulfide
obtained in this sulfidization step S4 in the sulfidization
reaction in the sulfidization step S4 as a seed crystal (arrow
R in Fig. 1). As described above, the nickel sulfide obtained
through the sulfidization step S4 in the present embodiment
has a particle diameter that is controlled to be in an
appropriate range, specifically, a range of about from 10 to
60 um as an average particle diameter. Hence, it is possible
to easily and efficiently obtain nickel sulfide to be added as
a seed crystal by repeatedly using the nickel sulfide thus
obtained and adjusting the particle diameter of the nickel
sulfide thus obtained to be in a range of from 5 to 20 um
through a classification treatment or the like. In addition,
it is possible to even more effectively control the particle
diameter of nickel sulfide to be obtained to be in an
appropriate range by repeatedly using nickel sulfide in this
manner so that the amount of nickel in the sulfidization
reaction starting liquid is at a proportion of from 40 to 500%

by mass.

EXAMPLES

Hereinafter, the present invention will be described more
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specifically with reference to Examples, but the present
invention is not limited to the following Examples at all.
[Example]

A solution of nickel sulfate having a nickel
concentration of from 1.0 to 3.0 g/L as a starting liquid was
introduced into a four-stage continuous stirring reaction tank,
and nickel sulfide having a particle diameter adjusted to be
in a range of from 7 to 15 um as a seed crystal was added to
the reaction tank while changing the amount in a range of from
40 to 500% by mass (40% by mass or more and 500% by mass or
less) with respect to the amount of nickel contained in the
starting liquid. Incidentally, as presented in the following
Table 1, nickel sulfide was added at the respective
proportions of 40% by mass or more and less than 100% by mass,
100% by mass or more and 150% by mass or less, more than 150%
by mass and 200% by mass or less, and more than 200% by mass
and 500% by mass or less with respect to the amount of nickel
in the starting liquid.

Here, as nickel sulfide of the seed crystal, nickel
sulfide prepared by concentrating and separating the slurry
which was obtained by the sulfidization reaction of the
solution of nickel sulfate and contained nickel sulfide by
using a thickener, recovering the nickel sulfide from the
bottom portion of the thickener, and classifying the nickel
sulfide by using a liquid cyclone to adjust the particle
diameter to be in a range of from 7 to 15 um was repeatedly

used.

SMMF-075



26

More specifically, in Examples, the seed crystal was
added to the initial reaction tank (first sulfidization
reaction tank) among the four stages of continuous stirring
reaction tanks together with the solution of nickel sulfate of
the starting liquid and hydrogen sulfide (H»S) gas was supplied
such that the entire quantity of hydrogen sulfide gas to be
supplied was supplied to the first sulfidization reaction tank
to have a blow quantity (added quantity) in a range of from
0.33 to 0.82 Nm3/kg—Ni or a part of the hydrogen sulfide gas to
be supplied was also supplied to the second sulfidization
reaction tank while being distributed after the blow quantity
of hydrogen sulfide gas in the first sulfidization reaction
tank was set to be in a range of from 0.33 to 0.82 Nm’/kg-Ni to
cause the sulfidization reaction.

The slurry which was generated by such a sulfidization
reaction and contained nickel sulfide was sent to a thickener
and subjected to a sedimentation separation treatment to
separate the slurry into nickel sulfide and a poor liquid
(final liquid). The particle diameter of nickel sulfide
settled in the thickener and the nickel concentration in the
liquid which overflowed the thickener and was a poor ligquid at
this time were determined. Incidentally, the particle diameter
of nickel sulfide was measured by using a laser diffraction
type particle size distribution apparatus. In addition, the
nickel concentration in the liquid overflowed was measured by
using an ICP atomic emission spectrometer.

The respective measurement results are presented in the
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following Table 1. In addition, a graph illustrating the
relationship between the blow quantity of hydrogen sulfide gas
and the average particle diameter of the nickel sulfide
generated is presented in Fig. 2.

[Tablel]

SMMF-075



28

691 G20 111 114 15Y 0Ll L§50 6v9 Syl 0t $s9| J0

L'2¢ 810 611 062 0 0 b0 8911 L8G¢ 8¢ ssew Aq %005

£7C 00 801 09¢ 020 [4:14 LEO0 6(8 65€¢ S'¢ ssew Aq

SEl £1°0 06 Lye 0 0 yL0 868 9G 11 £l %00¢ UYey:s atolN

0¢e 900 86 L61 610 99¢ 8¢0 €eL 2261 61

£0¢€ L00 Sl ¥91 810 6SY 8¢°0 966 G16¢ K4 ss9| Jo

L&14 500 L'6 ¥91 12°0 GLE 6€0 69 68L1 6l ssew Aq %002

L'9¢ 010 ol €61 810 184 8€0 .88 14514 £¢ ssew Aq

9'¢€¢ 00 601 LTS 0 0 G50 1201 1681 1'C %0G 1 ueyy aJop

L'91 (00 6'L 191 0 0 L0 189 1€6 0l

vl 800 9'6 ¥61 0 0 G590 £08 0€¢! vl

11§ S00 1’6 ¢l 6¢°0 [444 9€'0 1€6 L6SC 'K4

6Ly 800 00! 133 Lo ¥9¢ 6€°0 €8 1112 12 $s9| 4o

0ly €00 6'6 €€l 810 16€ 6€0 164 9v61 X/ ssew Aq %061

862 (00 [y £€Cl 0 0 34" (0Ll 0L€C 9'¢ aiow Jo

€Ll 600 £'6 LE] 0 0 (90 826 68€1 9'l ssew Aq %001

[t G500 6'8 8b1 0 0 ¥9°0 GLS 968 0l

b'Gl 900 G'6 |44} 0 0 ¢80 1€8 €101 1L

h44 800 €0l 08 920 G08 £€€0 LvOl 413 x4 ssew Aq

0LS 600 €0l SL [440) 809 G0 G86 €612 £¢ %001 ueyy ssen

214 800 VLl 69 €¢°0 ovi LE0 %14} 8€¢E 8¢ aJow

8'vS 600 a4 Ly L20 089 LE0 £¢6 006¢ (x4 40 ssew Aq 40f

[w] (/9 [w ] %] [IN-3%/,WN] [4H/ WN] [IN-3%/,WN] (4H/ WN] (/8] (unows
apyns [axo1u oinbi] (euty u |e1sAI0 pass (o184 sed g°H palddns seg sed gH 40 paljddns sed [“H/3%-IN] pinby| aAiIadaY)
40 Jaj3welp cm_um.bcmwco.o jo Jsjaweip [ aAIladay) |jo Ayzuenb mojg| S°H jo Aujuenp | Amuenb molg | S°H jo Awiueny [ Indul |axdlu 3uiels ul v%.vw |e1sA10

a|oiped ; a|o1ned a3e4 uolyppe j0 junowy |uonesiusauoo
agelany 'N agesany |eisAuo peaag | UBI UOIIOEBAL UOREZIPYINS PUODSS | Muel uolloeds UoRBZIpYINS 3Sdi4 [3%2IN pass 40 unowy

SMMF-075



29

As presented in Table 1 and Fig. 2, it was possible to
appropriately control the average particle diameter of nickel
sulfide to be precipitated by the sulfidization reaction to be
in a range of from 15 to 55 um by adjusting the quantity of
hydrogen sulfide gas supplied to the solution of nickel
sulfate to which nickel sulfide having an adjusted particle
diameter as a seed crystal was added, for example, in an
amount of 100% by mass or more and 150% by mass or less with
respect to the amount of nickel contained in the starting
liquid such that the addition rate of hydrogen sulfide gas in
the first sulfidization reaction tank was in a range of from
0.36 to 0.82 Nm’/kg-Ni.

In addition, in a case in which the amount of seed
crystal added was set to 50% by mass or more and less than
100% by mass and the addition rate of hydrogen sulfide gas in
the first sulfidization reaction tank was adjusted to about
from 0.33 to 0.37 Nm’/kg-Ni, it was possible to control the
particle diameter of nickel sulfide to be in a range of from
40 to 60 um as an average particle diameter although the
particle diameter tended to be relatively large. Incidentally,
it was found that the nickel concentration in the final liquid
after the sulfidization reaction increased and the actual
yield of nickel tended to decrease as compared to a case in
which the amount of nickel sulfide added as the seed crystal
was set to 100% by mass or more and 150% by mass or less.

In addition, in a case in which the amount of seed

crystal added was 150% by mass or more and 500% by mass or
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less and the addition rate of hydrogen sulfide gas in the
first sulfidization reaction tank was adjusted to from 0.38 to
0.74 Nm’/kg-Ni, it was possible to control the particle
diameter of nickel sulfide to be in a predetermined range as
the average particle diameter was from 12.4 to 32.0 um although
the particle diameter tended to be relatively small.
Incidentally, it was found that the nickel concentration in
the final liquid after the sulfidization reaction was
increased and the actual yield of nickel tended to decrease as
compared to a case in which the amount of nickel sulfide added
as the seed crystal was set to 100% by mass or more and 150%
by mass or less.

From the results of Examples described above, it was
found that it is possible to appropriately control the
particle diameter of nickel sulfide to be obtained to be in a
predetermined range by setting the added amount of nickel
sulfide having an adjusted particle diameter as the seed
crystal to an amount of 40% by mass or more and 500% by mass
or less with respect to the amount of nickel in the
sulfidization reaction starting liquid and blowing hydrogen
sulfide gas into the sulfidization reaction starting liquid in
a blow quantity adjusted to be in a range of from 0.30 to 0.85
Nm®*/kg-Ni to cause the sulfidization reaction.

It was found that it is possible to control the particle
diameter of nickel sulfide to be in a more preferable and
appropriate range, to keep the nickel concentration in the

final liquid low, to more effectively suppress a decrease in
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the actual yield of nickel by setting the amount of nickel
sulfide added as the seed crystal to be in a range of 100% by
mass or more and 150% by mass or less with respect to the
amount of nickel in the starting liquid among them.
[Comparative Example 1]

The sulfidization reaction was caused by setting the
amount of nickel sulfide added as the seed crystal to 20% by
mass with respect to the amount of nickel contained in the
starting liquid and the blow quantity of hydrogen sulfide gas
to be blown into the first sulfidization reaction tank to 0.20
Nm3/kg—Ni. Incidentally, conditions other than these are the
same as in Examples.

As a result, the average particle diameter of nickel
sulfide thus generated was 100 pm or more, which is too large.
[Comparative Example 2]

The sulfidization reaction was caused by setting the
amount of nickel sulfide added as the seed crystal to 600% by
mass with respect to the amount of nickel contained in the
starting liquid and the blow quantity of hydrogen sulfide gas
to be blown into the first sulfidization reaction tank to 0.90
Nm®/kg-Ni. Incidentally, conditions other than these are the
same as in Examples.

As a result, the nickel concentration in the final liquid
after the sulfidization reaction was completed was 0.32 g/L,
which is significantly high and the actual yield of nickel
decreased. In addition, the average particle diameter of
nickel sulfide thus obtained was 8 pm.
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[Comparative Example 3]

The sulfidization reaction was caused by setting the
amount of nickel sulfide added as the seed crystal to 20% by
mass with respect to the amount of nickel contained in the
starting liquid and the blow quantity of hydrogen sulfide gas
to be blown into the first sulfidization reaction tank to 0.37
Nm®/kg-Ni. Incidentally, conditions other than these are the
same as in Examples.

As a result, the average particle diameter of nickel
sulfide thus generated was 100 pm or more, which is too large.
[Comparative Example 4]

The sulfidization reaction was caused by setting the
amount of nickel sulfide added as the seed crystal to 600% by
mass with respect to the amount of nickel contained in the
starting liquid and the blow quantity of hydrogen sulfide gas
to be blown into the first sulfidization reaction tank to 0.37
Nm®/kg-Ni. Incidentally, conditions other than these are the
same as in Examples.

As a result, the nickel concentration in the final liquid
after the sulfidization reaction was completed was 0.30 g/L,
which is significantly high and the actual yield of nickel
decreased. In addition, the average particle diameter of
nickel sulfide thus obtained was 8 um.

As can be seen from these results of Comparative Examples
1 to 4, it was found that the particle diameter of nickel
sulfide to be generated is minimized or maximized and the

actual yield of nickel decreases under the conditions that the
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amount of nickel sulfide added as the seed crystal exceeds the
range of from 40 to 500% by mass and the blow quantity of
hydrogen sulfide gas exceeds the range of from 0.30 to 0.85
Nm3/kg-Ni.

Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise",
and variations such as "comprises" or "comprising", will be
understood to imply the inclusion of a stated integer or step
or group of integers or steps but not the exclusion of any
other integer or step or group of integers or steps.

The reference in this specification to any prior
publication (or information derived from it), or to any matter
which is known, 1is not, and should not be taken as, an
acknowledgement or admission or any form of suggestion that
prior publication (or information derived from it) or known
matter forms part of the common general knowledge in the field

of endeavour to which this specification relates.
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The claims defining the present invention are as follows:

1. A method for producing nickel sulfide, the method
comprising obtaining nickel sulfide by blowing hydrogen
sulfide gas into an acidic solution of sulfuric acid
containing nickel to cause a sulfidization reaction, wherein
nickel sulfide having a particle diameter of from 10 to
60 um is recovered by
using a plurality of sulfidization reaction tanks,
adding nickel sulfide having a particle diameter of from
5 to 20 um as a seed crystal to the acidic solution of sulfuric
acid having a nickel concentration of from 0.5 to 5.0 g/L in
an amount to be at a proportion of from 40 to 500% by mass
with respect to an amount of nickel contained in the acidic
solution of sulfuric acid in a first sulfidization reaction
tank for initially causing a sulfidization reaction, and
adjusting a blow quantity of hydrogen sulfide gas to be
blown into the first sulfidization reaction tank to from 0.33

to 0.82 Nm3/kg-Ni.

2. The method for producing nickel sulfide according to
claim 1, wherein

nickel sulfide having a particle diameter of from 15 to
55 um is recovered by

adding nickel sulfide having a particle diameter of from

5 to 20 um as the seed crystal at a proportion of from 100 to
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150% by mass with respect to an amount of nickel contained in
the acidic solution of sulfuric acid containing nickel in the
first sulfidization reaction tank and

adjusting a blow quantity of hydrogen sulfide gas to be
blown into the first sulfidization reaction tank to from 0.33

to 0.82 Nm3/kg-Ni.

3. The method for producing nickel sulfide according to
claim 1, wherein nickel sulfide obtained by the sulfidization
reaction is repeatedly used as nickel sulfide to be added as

the seed crystal.

4. The method for producing nickel sulfide according to
claim 1, wherein the acidic solution of sulfuric acid
containing nickel is a leachate obtained by subjecting nickel
oxide ore to a leaching treatment using sulfuric acid in a

hydrometallurgical method for nickel oxide ore.

5. A hydrometallurgical method for nickel oxide ore to leach
out nickel from nickel oxide ore by using sulfuric acid and to
generate a sulfide containing nickel from the leachate
obtained, the method comprising:

a sulfidization step of recovering nickel sulfide having
a particle diameter of from 10 to 60 um by using a plurality of
sulfidization reaction tanks, adding nickel sulfide having a

particle diameter of from 5 to 20 pm as a seed crystal to a

leachate having a nickel concentration of from 0.5 to 5.0 g/L
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in an amount to be at a proportion of from 40 to 500% by mass
with respect to an amount of nickel contained in the leachate
in a first sulfidization reaction tank for initially causing a
sulfidization reaction, and

adjusting a blow quantity of hydrogen sulfide gas to be
blown into the first sulfidization reaction tank to from 0.33

to 0.82 Nm3/kg-Ni.
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