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(57) Abregeée(suite)/Abstract(continued):

by causing a sulfurization reaction by blowing a hydrogen sulfide gas Into an acidic sulfuric acid solution containing nickel, wherein:
nickel sulfide having particle diameters of 5-20 pm and serving as seed crystals Is added into an acidic sulfuric acid solution having
a hickel concentration of 0.5-5.0 g/L In an amount of 40-500% by mass relative to the amount of nickel contained In the acidic
sulfuric acid solution; and a hydrogen sulfide gas Is blown into the acidic sulfuric acid solution, into which the seed crystals have
been added, while setting the amount of the hydrogen sulfide gas blown in to be within the range of 0.30-0.85 Nm?3/kg-Ni.




ABSTRACT

Provided is a method for producing nickel sulfide from an
scidic sulfuric acid solution containing nickel, which 1s
capable of controlling the particle diameters of nickel
sulfide obtained thereby. The present invention 1s a method
for producing nickel sulfide Dy causing a sulfurization
reaction by blowing a hydrogen sulfide gas into an acidic
sul furic acid solution containing nickel, wherein: nickel
sul fide having particle diameters of 5-20 um and serving as
seed crystals is added 1nto an acidic sulfuric acid solution
having a nickel concentration of 0.5-5.0 g/L in an amount of
40-500% by mass relative to the amount of nickel contained 1n

the acidic sulfuric acid solution; and a hydrogen sulfide gas

is blown into the acidic sulfuric acaid solution, into which
rhe seed crystals have been added, while setting the amount of
the hydrogen sulfide gas blown 1n to be within the range of

0.30-0.85 Nm¥/kg-N1.
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METHOD FOR PRODUCING NICKEL SULFIDE AND HYDROMETALLURGICAL

METHOD FOR NICKEL OXIDE ORE

TECHNICAL FIELD

The present 1nventicn relates to a method for producing
nickel sulfide, and more particularly to a method for
producing nickel sulfide 1n which nickel sulfide 1s obtained
by blowing hydrogen sulfide gas into an acidic agqueous
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 énd a hydrometallurgical method for nickel
oxide ore to which the method for producing nickel sulfide 1is

applied.

BACKGROUND ART

Hitherto, as a smelting method for nickel, a method in

o\

which a mat having a nickel grade of about 30% by mass 1is
obtained by dry smelting of nickel sulfide ore and electric
nickel 1s then produced by a chlorine leaching-electrolytic
wlnning 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 1include 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 enerqgy and cost. In addition,

there 1s an advantage that it 1s possible to obtain a sulfide
containing nickel (hereinafter, also referred to as "nickel
sulfide”) 1in which the nickel grade 1s 1mproved to about 50%
by mass. This nickel sulfide 1s produced as follows. A
sulfide precipitate 1s generated by purifying the leachate
obtained by leaching nickel oxide ore and then blowing
hydrogen sulfide gas into the leachate 1n the sulfidization
step to cause a sulfidization reaction. The nickel sulfide 1is
recovered by subjecting the slurry obtained from the
sulfidization reaction to a sedimentation separation treatment
using a solid-liquid separation device such as a thickener.
The particle diameter of nickel sulfide to be

precipltated and generated 1s 1n an approprlate range. When
the particle diameter 1s too small, molsture contalined in the
sulfide powder that 1s pressed and dried after solid-liquid
separation increases and the powder 1s cured, for example,
during transportation after being pressed. In addition, the
entire surface area of the powder increases, thus the porosity
lncreases, the volume 1ncreases as compared to powders having
a larger particle diameter even of the same weight, and the
conveyance cost 1ncreases. Meanwhile, when the particle
diameter 1s too large, the nickel concentration after the
sulfidization reaction 1ncreases and the actual vyield of
nickel decreases.

However, 1n 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 obtalining nickel sulfide from an
acidic solution of sulfuric aclid containing nickel, and a
method for stably producing nickel sulfide having a desired
particle diameter 1s demanded.

Patent Document 1 discloses a method i1n which a complex
salt solution of an ion of a base metal such as nickel 1is
atomized by using a nebulizer so as to have a certaln particle
diameter, the complex salt solution of atomilized base metal 1is
brought i1into contact with or i1ntroduced i1nto 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 1s 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 1s attached to the
nebulizer and controls the diameter of the droplet discharged
from the nebulizer. However, 1n 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 1in the pores of the

nepulizer and this causes a decrease 1in the working rate of

operation.

Patent Document 1: Japanese Unexamined Patent Application,

Publication No. 2006~75708

DISCLOSURE O THE INVENTION
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Problems to be Solved by the Invention

clrcumstances, and an object thereof is 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

acld containing nickel.

Means for Solving the Problems

The present inventors have conducted intensive
investigations to solve the problems described above. As a
result, 1t has been found out that it 1s possible to stably
obtain nickel sulfide of which theiparticle diameter 1s
controlled to be 1n a predetermined range by adding nickel

sulfide having an adjusted particle diameter at a proportion

to be 1n 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

specific blow quantity to cause a sulfidization reaction,
thereby completing the present invention. In other words, the

present 1nvention provides the following.

(1) A first aspect of the present invention is a method
for producing nickel sulfide, the method including cbtaining
nickel sulfide by blowing hydrogen sulfide gas into an acidic
solution of sulfuric acid contalning nickel to cause a

sulfidization reaction, 1n which nickel sulfide having a

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

SMME-075



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 1s added
whose blow quantity is from 0.30 to 0.85 Nm'/kg-Ni.

(2) A second aspect of the present invention 1s 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 1s
blown at least into a first sulfidization reaction tank for
initially causing a sulfidization reaction.

In accordance with certain embodiments there 1s provided
a method for producing nickel sulfide, the method comprising
obtaining nickel sulfide by blowing hydrogen sulfide gas 1into
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 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 contalned 1n the acidic solution of sulfuric
acid 1n a first sulfidization reaction tank for initially

causing a sulfidization reaction, adjusting a blow quantity of

CA 2978233 2019-03-08



hydrogen sulfide gas to be blown into the first sulfidization
reaction tank to from 0.33 to 0.82 Nm’/kg-Ni to cause the
sulfidization reaction and generate a solution containing
nickel sulfide, sequentially transferring the solution
containing the generated nickel sulfide into the plurality of
sulfidization reaction tanks and proceeding the sulfidization
reaction in each of the plurality of sulfidization reaction
tanks to develop the generated nickel sulfide, and separating
the nickel sulfide from a slurry containing the developed
nickel sulfide obtained in a final sulfidization reaction
tank.

(3) A third aspect of the present invention 1is 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 1s 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 1s the method
for producing nickel sulfide according to any one of the first
to fourth aspects, in which nickel sulfide obtained by the
sulfidization reaction 1s repeatedly used as nickel sulfide to

be added as the seed crystal.

CA 2978233 2019-03-08
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(6) A sixth aspect of the present invention is the method
for producing nickel sulfide according to any one of tnhe 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 1s 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 pm 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 1s added whose

blow quantity is from 0.30 to 0.85 Nm’/kg-Ni to cause a
sulfidization reaction.

In accordance with certain embodiments there 1s 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

CA 2978233 2019-03-08
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tanks, adding nickel sulfide having a particle dliameter 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, ad-’usting 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 to cause the sulfidization
reaction and generate a solution containing nickel sulfide,
sequentially transferring the solution containing the
generated nickel sulfide into the plurality of sulfidization
reaction tanks and proceeding the sulfidization reaction 1n
each of the plurality of sulfidization reaction tanks to
develop the generated nickel sulfide, and separating the
nickel sulfide from a slurry containing the developed nickel
sulfide obtained in a final sulfidization reaction tank.
Effects of the Invention

According to the present 1nvention, i1t 1s possible to
obtain nickel sulfide of which.the particle diameter 1is

controlled to be 1n a predetermined range.

BRIEF DESCRIPTION OF THE DRAWINGS

CA 2978233 2019-03-08
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Fig. 1 1s a process chart 1llustrating the procedure of a
hydrometallurgical method for nickel oxide ore.

Fig. 2 1s a graph 1llustrating the relationship between
the average particle diameter of nickel sulfide generated and

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

L4)

PREFERRED MODE PFOR CARRYING OUT THE INVENTION

Hereinafter, specific embodiments of the present
invention (hereinafter referred toc as the "present
embodiments”™) will be described in detail. Incidentally, the
present 1nvention 1s not limited to the following embodiments,
and various modifications are possible without changing the
glist of the present i1nvention.

Incidentally, 1n 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 otherwlse stated.
<<1. Overview>>

The method for producing nickel sulfide according to the
present embodiment 1s a method for obtaining nickel sulfide by
pblowing 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 1t 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 mum as

a seed crystal 1s added to the acidic solution of sulfuric

SMMFE-075
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aclid containing nickel at a concentration of from 0.5 to 5.0
g/L 1n 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
(HS) gas 1s blown into the acidic solution of sulfuric acid to
which the seed crystal 1s added'by setting the blow guantity
to from 0.30 to O.85er9/kg*Ni to cause a sulfidization
reaction.

As wi1ill 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
oxlide 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 contalning nickel 1is
an acidic agueous 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 1s caused by 1ntroducling such an acidic solution of

sulfuric acid containing nickel as a sulfidization reaction

SMME-075
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starting liquid (hereinafter, also simply referred to as the
"starting liguid") into a pressure reslistant sulfidization
reaction tank and blowing hydrogen sulfide gas as a
sulfidizing agent into the reaction tank.

With regard to the nickel concentration 1n the acidic
solution of sulfuric acid to be the sulfidization reaction
starting liguid, the actual yield of nickel decreases since
the nickel concentration 1s too low when 1t 1s 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 1s
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 1t is thus difficult to
stably and efficiently obtailn nickel sulfide.

Here, 1in the sulfidization reaction tank in which the
sulfidization reaction takes place, after the acidic solution
of sulfuric acid of the starting liquid 1s i1ntroduced .
thereinto, hydrogen sulfide gas supplied from a hydrogen
sulfide gas producing facility or the like 1s blown into the
gas phase portion 1in the reaction tank and the hydrogen
sulfide gas 1n the gas phase 1s dissolved 1in the liguid phase,
whereby the sulfidizatlion reaction proceeds.

The sulfidization reaction tank 1s not particularly
limited, but for example, 1t 1s possible to use a multistage
continuous stirring sulfidization reaction facility consisting

of plural stages of sulfidization reaction tanks such as four

SMMIE-075
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stages. Usually, the sulfidization reaction tank 1s 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 1n 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 i1nitial reaction tank among the reaction tanks
which are continuocusly provided and also hydrogen sulfide gas

15 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 1s appropriately supplied thereto to cause the
sulfidization reaction. Thereafter, the sulfidization reaction
sequentially proceeds 1n the third sulfidization reaction tank

and the fourth sulfidization reaction tank, and nickel sulfide

from the slurry after the reaction obtained in the fourth
sulfidization reaction tank by using a solid-liquid separation

device such as a thickener. 1In this manner, for example, in a

SMMF-075
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sulfidization reaction facility consisting of four stages of
sulfidization reaction tanks 1n total, a reaction for the
generation of nickel sulfide based on the sulfidization
reaction takes place mainly 1n 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 1s 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 1s possible to enhance the

settleability of fine nickel-containing particles present in

SMMFE-075
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sulfide particles to be generated. This makes 1t possible to

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 1s 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 liqguid.

The method for adjusting the particle diameter of nickel
sulfide to bé added as a seed crystal 1s 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 1is
equal to or larger than a predetermined slze by using a wet
cyclone (also referred to as "ligquid cyclone™), a vibrating
type screen machine, or the like. Among the methods for
adjusting the particle diameter, 1t 1s particularly preferable
to use a method to perform a classification treatment using a

liquid cyclone. According to the method using a liquid cyclone,

collision or contact between nickel sulfides occurs 1n the
cyclone, granulation proceeds by this, and 1t is thus possible
tc 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 1s set to an amount to be at a proportion of

trom 40 to 500% by mass with respect to the amount of nickel

SMME-075
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contained in the sulfidization reaction starting liquid. When
the amount of nickel sulfide added 1s less than 40% by mass
with respect to the amount of nickel 1n the sulfidization
reaction starting liguid, there 1s a possibility that nickel
sulfide to be obtained has a particle diameter of larger than
60 pum. 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 liquid (reacted final liquid)
after the sulfidization reaction 1s completed is more than
0.25 g/L, and the actual yileld of nickel decreases.

In addition, it is more preferable that the amount of
nickel sulfide added és a seed crystal 1s an amount to be at a
proportion of from 100 to 150% by mass with respect to the

amount of nickel contained i1n the sulfidization reaction

starting liquid. In this manner, by repeatedly using nickel

sulfide having a particle diameter of from 5 to 20 pum as a seed

crystal so as to have an amount of nickel of from 100 to 150%

by mass wlth respect to the amount of nickel contained in the

sulfide gas in a predetermined blow guantity, 1t 1s possible
to more effectively control the particle diameter of nickel
sulfide to be obtained to be 1n the most preferable particle
diameter range, specifically, a particle diameter range of
from 10 to 60 um.

In the method for producing nickel sulfide according to

the present embodiment, as described above, hydrogen sulfide

SMMF-075
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gas 1s blown i1nto the sulfidization reaction starting liquid

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 1s 1nsufficient so that the actual yield of nickel
decreases. Meanwhile, 1t 1s i1nefficient that the blow quantity
of hydrogen sulfide gas exceeds 0.85 Nm’/kg-Ni, sulfur more
than the amount of sulfur required for the sulfidization
reaction 1is supplied and a part of the blown hydrogen sulfide
gas 1s wasted.

In addition, as a method for adding (blowing method)
hydrogen sulfide gas, 1t 1s 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 Nm?/kg—Ni, for example, 1n 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
Cank while being distributed after the addition rate of

hydrogen sulfide gas in the first sulfidization reaction tank

1s set to be in a range of from 0.33 to 0.82 Nm”/kg-Ni.

SMMF-075
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having a particle diameter of from 5 to 20 upum as a seed crystal

1s added to an acidic sclution of sulfuric acld containing
nickel at a concentration of from 0.5 to 5.0 g/L
(sulfidization reaction starting liquid) 1in an amount to be at
a proportion of from 40 to 500% by mass with respect to the
amount of nickel contained 1n the acidic solution of sulfuric
acid and hydrogen sulfide gas 1s 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,
1t 1s possible to efficiently produce nickel sulfide of which

the average particle diameter 1s appropriately controlled to
e 1n 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 1s too small, the amount of moisture contained 1in the
nickel sulfide powder after the solid-ligquid separation
treatment 1ncreases and the powder 1s 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 1ncreases. Meanwhile, when the particle
diameter 1s too large, the nickel concentration in the final
11gquid after the sulfidization reaction increases and the

actual yleld of nickel decreases. For these reasons, the

SMMF-075
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particle diameter of nickel sulfide 1s preferably 1n a range

of from 10 to 60 pum and more preferably 1n 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, 1n
the method for producing nickel sulfide according to the
present embodiment, 1t 1s 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 i1s thus possible to

easlly 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 i1n 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 1s used as a sulfidization reaction starting
ligquid and hydrogen sulfide gas is added to this solution to
cause a sulfidization reaction. As the acidic solution of
sulfuric acid contalning nickel, for example, 1t 1s possible
Lo use-a leachate obtailined by subjecting nickel oxide ore to a
leachling treatment using sulfuric acid, and the leachate 1is

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
oxlde 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 1s applied to the treatment in the
sulfidization step 1n the hydrometallurgical method will be
then described. Incidentally, as the hydrometallurgical method
for nickel oxide ore,aa hydrometal lurgical method using a high
pressure acid leaching method (HPAL method) in which leaching
1s performed at a high temperature and a high pressure is
described as an example.
<2-1. Respective Steps 1n a Hydrometallurgical Method for
Nickel Oxide Ore >

Fig. 1 1s a process chart illustrating an example of the

As 1l1lustrated in Fig. 1, the hydrometallurgical method for
nickel oxide ore includes a leaching step S1 in which sulfuric
acld 1s 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-liquid
separation step S2 in which the residue is separated from the
leached slurry to obtain a leachate containing nickel and
copalt, a neutralization step S3 in which the pH of the

leachate 1s adjusted and the impurity element in the leachate
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1s separated as a neutralized sediment slurry to obtain a
neutralized final liguid, and a sulfidization step (nickel
recovery step) S$S4 1n which hydrogen sulfide gas as a

sulfidizing agent 1s added to the neutralized final ligquid to

generate nickel sulfide.
(1) Leaching Step

In the leaching step S1, sulfuric acid 1s added to a
slurry (ore slurry) of nickel oxide ore and the mixture 1s
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 malnly include so-

called laterite ores such as limonite ore and saprolite ore.
The nickel content 1in the laterite ore 1s usually from 0.8 to
2.5% by weight, and nickel 1is contained as a hydroxide or a
magnesium sililicate mineral. In addition, the content of iron
1s 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 sillicate mineral. In addition, in
the leaching step S1, an oxide ore contalning valuable metals
such as nickel, cobalt, manganese, and copper, for example,
reserves of manganese nodules on the deep ocean floor are used
1n 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 (1)

to {(v) take place and leaching out of nickel, cobkalt, and the

like as a sulfate and 1mmobilization of i1ron sulfate leached

out as hematite are performed. However, 1mmobilization of iron

ions does not proceed to completion, and the liguid portion of

the leached slurry to be obtained usually contains divalent

and trivalent 1ron ions in addition to nickel, cobalt, and the

like. Incidentally, in this leaching step Sl1, 1t 1s 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 1s generated in the solid-liquid separation step

SZ2 of the next step and contains hematite. .
Leaching Reaction

MO + H-».50; = MSO; + H;O ... (1)

(Incidentally, M i1n Formula (1) represents Ni, Co, Fe, Zn, Cu,

Mg, Cr, Mn, or the like)

2Fe (OH) 3 + 3H3504 = Fey(S504)3 + 6Hﬂ).”'(ii)

FeO + H,S50; = FeS04 + H,O ... (111)

High Temperature Thermal Hydrolysis Reaction

2FeS0Os + HoS04 +1/205 = Fes(804)3 + HO ... (1iv)

Fe, (S504)3 + BH;}O - Fe,0Og5 + 31"12804 .. (v}

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

(2) Solid-Liquid Separation Step
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In the solid-liquid separation step S2, the leached slurry

generated 1n the leaching step S1 1s washed 1n multiple stages

and cobalt and a leach residue.

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

(3) Neutralization Step
In the neutralization step S3, a neutralizer such as magnesium

oxlde or calcium carbonate 1s added so as to adjust the pH to

4 or less while suppressing the oxldation of the leachate and

a neutralized sediment slurry containing trivalent iron and

recovery are obtalned.

In the neutralization step S3, a neutralizer such as
calcrium carbonate 1s added to the leachate so that the pH of
the neutralized final liguid 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 1s suppressed,
and the neutralized final liguid to be a source of the mother
liquid for nickel recovery and a neutralized sediment slurry
containing trivalent i1ron as an lmpurity element are formed.
In the neutralization step S3, by subjecting the leachate to
the neutralization treatment (liquild purification treatment)
in this manner, the impurities such as trivalent 1ron 1l1ons and
aluminum 1ons remalning 1n the solution are removed as a
neutralized sediment as well as the excess acid used 1in the
leaching treatment by the HPAL method 1s neutralized to
generate a neutralized final liquid.

Incidentally, the neutralized final liquid 1s 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 1s the acidic solution of
sulfuric acid containing nickel as described above. This
neutralized final ligquid 1s a reaction starting liquid of the
sulfidization reaction 1n the sulfidization step S4 to be
described later, and 1t 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 1s contalined in this
neutralized final liquid, and this neutralized final liqguid
contains 1l1lron, manganese, magnesium, aluminum, chromium, lead
and the like 1n trace amounts 1n some cases even 1f 1t 1s a
solution obtained through the liquid purification treatment.

[Sulfidization Step (Nickel Recovery Step)]

In the sulfidization step S4, the neutralilzed final liguid of
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the mother ligquid for nickel recovery 1s used as the
sulfidization reaction starting liqgquid, hydrogen sulfide gas
of a sulfidizing agent 1s blown into the sulfidization
reaction starting liquid to cause the sulfidization reaction,
and nickel sulfide containing a small amount of 1mpurity
components and a poor ligquid (liquid after sulfidization) in
which the nickel concentration 1s stabilized at a low level
are generated. Incidentally, in a case in which zinc 1is
contained 1n the neutralized final liguid, 2zinc 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 1s caused by blowing
hydrogen sulfide gas i1nto the gas phase portion in the
sulfidization reaction tank in which the sulfidization
reaction starting liquid is introduced and dissolving the
hydrogenisulfide gas 1n the solution. By this sulfidization
treatment, nickel contailined in the sulfidization reaction
starting liquid 1s i1mmobilized and recovered as nickel sulfide.

Incidentally, after the sulfidization reaction 1is
completed, the slurry which 1s thus obtained and contains
nickel sulfide 1s charged i1nto a sedimentatilion separation
apparatus such as a thickener and subjected to the

sedimentation separation treatment and only nickel sulfide 1is

thickener. Meanwhile, the aqueous solution component is
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recovered as a poor liquid by allowing 1t to overflow from the
top portion of the thickener.
<2-2. Sulfidization Step i1n Hydrometallurgical Method>

Here, the method for producing nickel sulfide described
above can be applied to the treatment 1n the sulfidization
step 5S4, 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, 1n 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 liquild 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 1nto the neutralized final liquid 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 produéing 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 liguid

1in a predetermined blow guantity 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 1s controlled to be 1n a predetermined appropriate
range.

As also 1llustrated 1n the process chart of Fig. 1, 1t 1is
preferable to repeatedly use a part of the nickel sulfide
obtained in this sulfidization step S4 in the sulfidization
reaction 1in 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 1n the present embodiment
has a particle diameter that 1s controlled to be 1n an
appropriate range, speciflcally, a range of about from 10 to
60 pum 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 obtalined to be in a range of from 5 to 20 um
through a classification treatment or the like. In addition,
1t 1s possible to even more effectively control the particle
diameter of nickel sulfide to be obtained to be 1n an
appropriate range by repeatedly using nickel sulfide in this
manner so that the amount of nickel 1n the sulfidization

reaction starting liquid 1s 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 1s not limited to the followlng Examples at all.

[Example]

A solutlion of nickel sulfate having a nickel
concentration of from 1.0 to 3.0 g/L as a starting ligquid was
introduced i1nto a four-stage continuous stilirring reaction tank,
and nickel sulfide having a particle diameter adjusted to be
in a range of from 7 to 15 pum 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 1n 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 wilth respect to the amount of nickel
1n 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 reactlion 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.
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More specifically, 1n 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 guantity) 1n a range of from
0.33 to 0.82 Nm°/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 i1n 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
reactlion 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 liguid

(final liguid). The particle diameter of nickel sulfide

settled in the thickener and the nickel concentration in the
liguid which overflowed the thickener and was a poor liguid 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 1llustrating the
relationship between the blow quantity of hydrogen sulfide gas

and the average particle diliameter of the nickel sulfide

generated 1s presented in Fig. 2.

[ Tablel]
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As presented 1in Table 1 and Fig. 2, it was possible to

appropriately control the average particle diameter of nickel

1n a range of from 15 to 55 um by adjusting the qguantity 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 1003% by mass or more and 150% by mass or less with
respect to the amount of nickel contained 1n 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, 1n a case 1in 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 Nms/kg—Ni, 1t was possible to control the

particle diameter of nickel sulfide to be in a range of from

40 to 60 uym as an average particle diameter although the

particle diameter tended to be relatively large. Incidentally,
1t 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, 1n a case 1n 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 1n the

first sulfidization reaction tank was adjusted to from 0.38 to
0.74 Nm?/kg—Ni, 1t 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 vield 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, 1t was
found that 1t 1s 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 1in the
sulfidization reaction starting liquid and blowing hydrogen
sulfide gas 1into the sulfidization reaction starting liquid in
a blow quantity adjusted to be in a range of from 0.30 to 0.85
Nﬁ@/kg—Ni to cause the sulfidization reaction.

It was found that 1t 1s possible to control the particle

approprlate range, to keep the nickel concentration in the

final liquid low, to more effectively suppress a decrease in
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the actual vyvield of nickel by setting the amount of nickel
sulfide added as the seed crystal to be 1in a range of 100% by

mass or more and 150% by mass or less with respect to the

amount of nickel 1n the starting ligquid 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

Nhﬁ/kg-Ni. Incidentally, condilitions other than these are the

same as 1n Examples.

As a result, the average particle diameter of nickel

sulfide thus generated was 100 pum 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 wilth respect to the amount of nickel contained in the

starting liquid and the blow quantity of hydrogen sulfide gas

to be blown 1nto the first sulfidization reaction tank to (0.90

FmQ/kgmNi. Incidentally, conditions other than these are the

same as 1n Examples.

As a result, the nickel concentration in the final liquid
after the sulfidization reaction was completed was 0.32 g/L,
which 1s significantly high and the actual yield of nickel

decreased. In addition, the average particle diameter of

nickel sulfide thus obtained was 8 um.
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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 1in 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 um or more, which is too lLarge.

[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 1n 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 1n Examples.

As a result, the nickel concentration in the final liguid
after the sulfidization reaction was completed was 0.30 g/L,
which 1s significantly high and the actual yvield 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
1l to 4, 1t was found that the particle diameter of nickel
sulfide to be generated 1s 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

Nm’®/kg-Ni .
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CLAIMS

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, whereiln

nickel sulfide having a particle diameter of from 10 to

60 um 1s 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 1in
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 sulfidizatlion reaction
tank for initially causing a sulfidization reaction,

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

generate a solution containing nickel sulfide,

sequentially transferring the solution containing the
generated nickel sulfide into the plurality of sulfidization

reaction tanks and proceeding the sulfidization reaction 1n
each of the plurality of sulfidization reaction tanks to

develop the generated nickel sulfide, and
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separating the nickel sulfide from a slurry contailning

the developed nickel sulfide obtained in a final sulfidization

reaction tank.

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

nickel sulfide having a particle diameter of from 15 to

55 pum 1s recovered by

adding nickel sulfide having a particle diameter of from

5 to 20 pum as the seed crystal at a proportion of from 100 to

150% by mass with respect to an amount of nickel contained 1n
the acidic solution of sulfuric acid containing nickel 1in 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 1s 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 1s a leachate obtained by subjecting nickel
oxide ore to a leaching treatment using sulfuric acid 1n a

hydrometallurgical method for nickel oxide ore.
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3. 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 or

sulfidization reaction tanks, 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
in a first sulfidization reaction tank for initially causing &
sulfidization reaction,

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 to cause the sulfidization reaction and
generate a solution containing nickel sulfide,

sequentially transferring the solution containing the

generated nickel sulfide into the plurality of sulfidization
reaction tanks and proceeding the sulfidization reaction 1in
each of the plurality of sulfidization reaction tanks to
develop the generated nickel sulfide, and

separating the nickel sulfide from a slurry containing
the developed nickel sulfide obtained in a final sulfidization

reaction tank.
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