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Provided Is a method for removing an impurity element of magnesium including: a hydroxylation step of adding an alkall hydroxide
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(57) Abrege(suite)/Abstract(continued):
carbonate to the hydroxylated slurry to form a carbonated slurry, and recovering nickel component from the solution; a solid-liguid

separation step for the slurry thus obtained; and a neutralization step of subjecting a solution after reaction obtained by solid-liguid
separation to a neutralization, and recovering an impurity element included in the nickel-containing solution In the production

Process.
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ABSTRACT
Provided 1s a method for removing an 1mpurity element
of magnesium 1including: a hydroxylation step of adding an

alkalili hydroxide to the nickel-containing solution in the

production process to form a hydroxylated slurry; a
carbonation step of adding an alkali carbonate to the
hydroxylated slurry to form a carbonated slurry, and
recoverling nickel component from the solution; a solid-

liquid separation step for the slurry thus obtained; and a

neutralization step of subjecting a solution after reaction
obtained by solid-liquid separation to a neutralization,
and recovering an 1impurity element 1ncluded 1in the nickel-

contailning solution 1n the production process.
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DESCRIPTION

METHOD FOR REMOVING IMPURITY ELEMENT OF MAGNESIUM FROM
SOLUTION CONTAINING NICKEL
TECHNICAL FIELD
[0001] The present 1nvention relates to a production

process for efficiently removing magnesium from a solution
containing nickel and producing high-purity nickel sulfate,
1n particular, the invention can be applied to a treatment
for an 1n-process intermediate product solution that is

generated during a nickel hydrometallurgical process.

BACKGROUND ART

[0002] A method for industrially ©producing nickel

sulfate typically obtains a nickel sulfate solution, or

nickel sulfate crystals by evaporation and crystallization
or the like, through processes of dissolving a raw material
in an acid solution and then removing impurities.

[0003] In the production method, the process of removing
impurities may be carried out by various methods depending
on the 1Impurities 1included 1in the raw material. The

removal process first carries out a solution purification

process of forming a neutralized precipitate containing a

portion of 1mpurities and a residual liquid after
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separation using a neutralizing agent, and then carries out
a solvent extraction process of extracting the residual
liquid after separation wusing a conventional organic
solvent to further perform a removal treatment of impurity

elements.

Particularly, as a method for efficiently separating
nickel and cobalt when cobalt 1is included in the raw
material, a solvent extraction method using phosphonic acid
or phosphinic acid has been widely known.

[0004] Regarding the phosphonic acid or phosphinic acid
used 1n such a solvent extraction method, 2 -
ethylhexylphosphonic acid mono-2-ethylhexyl ester and

di(2,4,4-trimethylpentyl)phosphinic acid are capable of

satisfactory extraction and separation of nickel and cobalt
and are thus suitable.
Furthermore, the solvent extraction using phosphonic

acid and phosphinic acid is dependent on a pH of the

solution, and the extraction efficiency 1is increased when

the pH 1s 1ncreased. Also, since the extraction-related

pH-dependency varies with elements, cobalt and other

lmpurity elements are extracted into an organic solvent by

utilizing this characteristic.

That 1s, impurity elements are divided into an organic
phase by setting the pH to a value lower than pH at which

nickel 1s extracted, and thus nickel remains in the agueous
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phase, and as a result, a nickel solution after impurities
have been removed can be obtalned.

[0Q05] Furthermore, Patent Documents 1 to 3 disclose
methods 1n which nickel 1s extracted in advance into an
organic solvent under high pH conditions, this organic
solvent containing extracted nickel 1s brought into contact
with a nickel solution containing 1mpuritiles, thereby an
exchange reaction occurs by which elements that are more

easlly extracted than nickel are transferred to the organic

prhase, while nickel 1n the organic solvent 1s transferred
to the aqueous phase side, and thus impurities 1in the

nickel solution are removed.

These methods are effective as methods for preventing
impurity elements such as Na 1included 1in a pH adjusting
agent, from being 1ncorporated into a nickel solution and
contaminating a manufactured product.

[0006] However, among 1mpurity elements, magnesium 1n
the solution exhibits a reaction behavior similar to that

of nickel, and therefore, 1t has been difficult to

'}

selectively remove magnesium from a nickel solution even 1if

a solution purification process or a solvent extraction
process was used 1n a process for producing nickel sulfate

as described above.

For that reason, when a solution containing a small

amount of nickel that 1s discharged from a solvent
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extraction process or a solution purification process
(magnesium 1s also included 1in thils solution) 1s recycled

within the system, magnesium that remalins unremoved also

recurs, as 1s the case o©of nickel. Therefore, magnesium 1S

accumulated i1in the system, and thilis has been a cause for an

increase in the magnesium level in manufactured products.

CITATION LIST

PATENT DOCUMENT

[0007] Patent Document 1: Japanese Patent Application
Laid-Open No. 10-310437

Patent Document 2: Japanese Patent Application Laid-
Open No. 10-30135

Patent Document 3: Japanese Patent Application Laid-

Open No. 2004-307270

SUMMARY OF INVENTION

Technical Problem
[0008] Under such circumstances, an object of the
present invention 1s to provide a removal method of an

impurity element for selectively removing magnesium from a

solution containing nickel, and a method for producing

high-purity nickel sulfate by 1ncorporating the removal

method of an 1mpurity element 1nto a process of the

production method.
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Solution to Problems

[0009] To solve the above-mentioned problems, a first

aspect of the present 1nvention relates to a method for

producing high-purity nickel sulfate, characterized in that

the method 1i1ncludes a production process for producing

high-purity nickel sulfate from a solution containing
nickel by a solvent extraction step, and the method
subjecting a high-impurity concentration of nickel sulfate
solution obtained 1n the production process to a removal
treatment of an 1mpurity element of magnesium through the

following steps (1) to (4) 1in order, to discharge the

impurity element of magnesium 1ncluded in the high-impurity

concentration of nickel sulfate solution out of the

production process so0 as to prevent accumulation of the

impurity element of magnesium 1n the production process,

thereby forming high-purity nickel sulfate:

(1) a hydroxylation step of adding an alkali hydroxide
to a portion of the solution contailning nickel 1n the
production process, with a pH range of 7.5 to 7.8, and
thereby forming a hydroxylated slurry including a
precipitate of nickel hydroxide and a solution after

hydroxylation other than the precipitate, the precipitate

of nickel hydroxide beling caused by precipitation of the

nickel contained in the solution;
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(2) a carbonation step of adding an alkalil carbonate

to the hydroxylated slurry, with a pH range of 7.7 to 8.0,

and subjecting the nickel contained in the solution after
hydroxylation to a carbonation treatment to form a
carbonated slurry 1including a precipitate of nickel
carbonate and a solution after carbonation other than the
precipitate of nickel carbonate, the precipitate of nickel
carbonate belng caused by precipitation of the nickel

contained 1n the solution after hydroxylation, and then

forming a mixed slurry i1ncluding a mixed precipitate of the
nickel hydroxide and the nickel carbonate, and a solution
after reaction other than the mixed precipitate, the mixed
precipltate being formed by converting the nickel included
in the solution;

(3) a solid-liquid separation step of separating the
mixed slurry into the mixed precipitate of nickel hydroxide
and nickel carbonate, and the solution after reaction, the
mixed precilpitate being used as a neutralizing agent for
use 1n pH adjustment prior to the solvent extraction step;

and

(4) a neutralization step of subjecting the solution
after reaction to a neutralizatlon treatment in a pH range
of 8.0 to 8.5, thereby producing a neutralized solution

that 1includes a solution after neutralization and a

1)

neutralized precipitate contailning an impurity element of
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magnesium, and subjecting the neutralized solution to a

N

solid-liquid separation to recover the impurity element of
magnesium 1ncluded 1n the solution in the production
process as the neutralized precipitate containing the
1mpurlity element of magnesium.

[0010] A third aspect of the invention relates to a
method for producing high-purity nickel sulfate,
characterized in that the production process in the first

F

aspect further 1includes a leaching step of dissolving a

nickel-containing material; and a solvent extraction step

of separating nickel and cobalt by a solvent extraction

method.

[0011] A ftourth aspect of the invention relates to a

method for producing high-purity nickel sulfate,

characterized in that the nickel-containing material in the

third aspect corresponds to any one selected from mixed
sulfides of nickel and cobalt, crude nickel sulfate as an
industrial 1intermediate, nickel oxide, nickel hydroxide,
nickel carbonate, nickel powder, or a mixture thereof.

[0012] A seventh aspect of the invention relates to a
method for removing an impurity element of magnesium from a

solution containing nickel, characterized 1in that the

method 1ncludes the following steps (1) to (4) in order,

to remove an 1impurity element of magnesium from a solution

containing nickel:
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(1) a hydroxylation step of adding an alkalil hydroxide
to a portion of the solution contalining nickel 1n the
production process, with a pH range of 7.5 to 7.8, and

thereby forming a hydroxylated slurry including a

preclpitate of nickel hydroxide and a solution after

hydroxylation other than the precipitate, the precipitate

of nickel hydroxide belng caused by precipitation of the

nickel contained i1n the solution;

(2) a carbonation step of adding an alkali carbonate

e d

to the hydroxylated slurry, with a pH range of 7.7 to 8.0,

and subjecting the nickel contained 1n the solution after
hydroxylation to a carbonation treatment to form a
carbonated slurry 1including a precipitate of nickel

carbonate and a solution after carbonation other than the

precipitate of nickel carbonate, the precipitate of nickel

carbonate belng caused by precipitation of the nickel
contained in the solution after hydroxylation, and then
forming a mixed slurry including a mixed precipitate of the
nickel hydroxide and the nickel carbonate, and a solution
after reaction other than the mixed precipitate, the mixed
precipilitate being formed by converting the nickel 1included
in the solution;

(3) a solid-liquid separation step of separating the
mixed slurry into the mixed precipitate of nickel hydroxide

and nickel carbonate and the solution after reaction, the
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mixed precipitate being used as a neutralizing agent for
use 1n pH adjustment prior to a solvent extraction step;
and

(4) a neutralization step of subjecting the solution
after reaction to a neutralization treatment 1in a pH range

of 8.0 to 8.5, thereby producing a neutralized solution

that i1ncludes a solution after neutralization and a

neutralized precipitate containing an 1impurity element of
magnesium, and subjecting the neutralized solution to a
solid-ligquid separation to recover the impurity element otf
magnesium 1included 1n the solution 1n the production
process as the neutralized precipitate containing the

impurity element of magnesium.

ADVANTAGIOUS EFFECTS OF THE INVENTION

(0013] According to the invention, 1n the production

method for obtaining high-purity nickel sulfate from a
solution containing nickel, the amount of magnesium in a

high-purity nickel sulfate product can be reduced to a

large extent by applying a process of efficiently

discharging magnesium 1n particular, which 1s not easily

removed selectively, out of the production process system,

and thus nickel sulfate of higher purity can be provided.
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BRIEF DESCRIPTION OF DRAWINGS

[0014] Fig. 1 i1s a flowchart for the production of high-
purity nickel sulfate according to the invention.

Flg. 2 1s a flowchart for the method for removing an
impurity element from a solution <containing nickel

according to the invention.

DESCRIPTION OF EMBODIMENTS

[0015] According to the present invention, there 1is
provided a production method for obtaining high-purity
nickel sulfate from a solution contalning nickel,

characterized 1n that a production process thereof

incorporates a series of steps that constitute a method for
removing an impurity element from an in-process solution,
as shown in order of items (1) to (4) described below, and
thereby high-purity nickel sulfate having a reduced amount
of an 1impurity element, particularly Mg, from the solution
containing nickel is produced.
[0016] [Method for removing 1impurity element from
solution containing nickel]

(1) A hydroxylation step of adding an alkali hydroxide
to a portion of the solution containing nickel 1in the
production process, and thereby forming a hydroxylated

slurry 1including a precipitate formed by converting the

10
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nickel 1included 1n the solution to nickel hydroxide, and a
solution after hydroxylation other than the precipitate;

(2) a carbonation step of adding an alkali carbonate

to the hydroxylated slurry formed i1n the hydroxylation step

—

of (1), and carrying out a carbonation process of forming a

carbonated slurry 1including a precipitate formed Dby
converting the nickel 1included 1n the solution after

hydroxylation, which constitutes the hydroxylated slurry,

to nickel carbonate and a solution after carbonation other
than the precipitate, and then providing a mixed slurry
including a mixed precipitate of nickel hydroxide and
nickel carbonate based on the nickel 1n the solution
contalning nickel, and a solution after reaction;

(3) a solid-liquid separation step of separating the

mixed slurry obtained i1n the carbonation step of (2) into
the mixed precipitate of nickel hydroxide and nickel

carbonate and the solution after reaction; and

(4) a neutralization step of subjecting the separated
solution after reaction 1n the solid-liquid separation step
of (3), to a neutralization treatment, thereby producing a
neutrallized precipitate containing an impurity element, and
recovering the i1mpurity element i1ncluded in the solution 1n
the production process.

(0017] Hereinafter, the invention 1s described by making

reference to Fig. 1 and Fig. 2.

11
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Fig. 1 1is a flowchart for the production of high-
purity nickel sulfate of the 1i1nvention. Fig. 2 1s a

flowchart for the method for removing an impurity element

from a solution containing nickel of the 1nvention.
[0018] [Method for producing high-purity nickel sulfate

solution]

Fig. 1 shows a flowchart for the production, and

usually, a high-purity nickel sulfate solution 1s produced
by a solvent extraction process as the process proceeds

along the " (solid) arrow 1".

Hereinafter, the invention 1s described based on the

method for removing an impurity element from a solution

containing nickel as shown in Fig. 2, 1in conformity with
the production flow for a high-purity nickel sulfate
solution shown 1n Fig. 1.
[0019] [Leaching step]

This step is a step of forming a leached solution (a
nickel-containing solution) after leaching of nickel by
dissolving, with mineral acid (hydrochloric acid, sulfuric
acid, or the 1like), a nickel-containing material that
serves as a starting material, such as an 1industrial

intermediate, comprising any one selected from nickel-

cobalt mixed sulfide, crude nickel sulfate, nickel oxide,
nickel hydroxide, nickel carbonate, nickel powder, and the

like, or a mixture thereof. This leaching step can be

12
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implemented using a well-known method, for example, a
method disclosed in Japanese Patent Application Laid-Open
No. 2005-350766.

[0020] (Solvent extraction step]

The solvent extraction step denoted as "solvent
extraction step” in Fig. 1 1nvolves bringing an agqueous
phase and an organic phase 1nto contact to exchange
components of each of the phases, and thereby 1increasing

the concentration of a certalin component present 1n the

agueous phase, while decreasing the concentration of the
other component therein. In the present 1nvention, the
solvent extraction step 1s carried out according to a
solvent extraction method wherein a solution containing
nickel obtained through a leaching step and pH adjustment
1s used as the agqueous phase, and an organic solvent such
as phosphonic acid or phosphinic acid, or an organic
solvent containing nickel as disclosed in Patent Document 1

to Patent Document 3, 1s used as the organic phase.

[0021] The flow of the solvent extraction step 1S
carried out such that c¢obalt, a portion of nickel, and

impurities are first extracted into an extractant (organic

phase) ("ORGANIC EXTRACTANT 1" 1n Fig. 1), subsequently the

organic extractant 1 1is stripped using sulfuric acid to

produce a "high-impurity concentration of Ni sulfate

13
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solution" containing nickel and 1mpurities at high

concentrations ("Ni RECOVERY" 1in Fig. 1).
Then, a recovered-cobalt-containing solution 1s
produced by stripping the cobalt remaining 1n  the

extractant (organic extractant 2) using an acid ("Co

RECOVERY" 1in Fig. 1).

[0022] In regard to the solvent extraction, wvarying the

conditions for solvent extraction enables adjustment of the

concentration of impurity elements contained in the nickel

sulfate solution produced.

Thus, as shown in the "PRODUCTION OF HIGH-IMPURITY

CONCENTRATION OF NICKEL SULFATE"™ of the "dashed arrow 2" 1in

Fig. 1, a high-impurity concentration of nickel sulfate
solution, 1n which 1mpurity elements (including Mg) are
concentrated from the organic extractant 1 having Co
extracted in the "solvent extraction step", 1s produced by

stripping, and the nickel sulfate solution 1s subjected to
the "method for removing an i1mpurlty element". Thereby, Mg
among the impurity elements 1included 1n the original
solution can be discharged out of the system.

Furthermore, a high-purity nickel sulfate solution
having a reduced amount of 1mpurity elements, particularly
Mg, <can be produced by subjecting a pH-adjusted crude
nickel sulfate solution that 1s obtained when a nickel

precipitate produced from the high-lmpurity concentration

14
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of nickel sulfate solution by the method for removing an
impurity element of the 1invention 1s wused for the pH
adjustment of the leachate, to the solvent extraction step.
[0023] [Method for removing impurity element from 1in-

process solution]

The method for removing an 1mpurity element from a

solution containing nickel 1n the process 1s described with

reference to Fig. Z.

First, the "solution contailning nickel" according to

the invention represents an acidic nickel solution.

Particularly, the method can be effectively used for a
solution, particularly a solution containing nickel, 1n the
production process of a nickel sulfate production method
which includes a 1leaching step of dissolving a nickel-
containing material using an acid; and a solvent extraction
step of separating nickel and cobalt 1n an acidic nickel
solution produced by this leaching step, using a solvent
extraction method.

(0024 ] The nickel-containing material that serve as a

starting raw material refer to any one selected from mixed

sulfides of nickel and cobalt, crude nickel sulfate as an
industrial intermediate, nickel oxide, nickel hydroxide,
nickel carbonate, nickel powder and a mixture thereof, and
these materials contain large amounts of impurities, 1t 1s

thus desirable to treat the nickel-containing material by a

15



CA 02895486 2016-02-29

solution purification process using a solvent extraction

method.

[0025] These nickel-containing materials form a leachate
containing leached nickel by means of mineral acids such as
hydrochloric acid and sulfuric acid; however, at this time,
the impurity elements are also eluted 1nto the 1liquid
similarly. Thus, when the concentrations of iron, chromium

and aluminum 1in the leachate are high, a solution

purification treatment based on pH adjustment 1s carried

out. Removal of these elements before solvent extraction

leads to improvement of the efficiency of the solvent
extraction step because of accumulation of 1iron, chromium

and aluminum 1n the organic solvent.
[0026] The present invention can be applied to any in-

process solution as 1long as the solution 1s an acidic

solution containing nickel, 1in particular, it 1is effective

to apply the 1invention to a high-impurity concentration

r—

solution or a portion of such a solution that has an

accumulated or concentrated magnesium at a high
concentration thereiln and 1s produced particularly by

controlling the conditions for the solvent extraction step.

[0027] Furthermore, 1n a conventional production process
for nickel sulfate, nickel 1s 1included at a high
concentration and the 1mpurity concentration 1s 1low;

however, 1t 1s economically efficient to apply the present

16
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invention to a solution having a high  magnesium
concentration and a low nickel concentration as far as
possible, since the amount of use o0f reagents for
preclpitating nickel can be reduced. In this regard, the
solvent extraction step enables adjustment of the element
concentration 1n an aqueous solution simply by optimizing
the mixing ratio of the organic phase and the aqueous phase,
and accordingly the relevant solution <can be easily
obtailined.
[0028] (1) Hydroxylation step

In the hydroxylation step, an alkali hydroxide 1s
added to an 1in-process solution, particularly a solution
containing nickel, and nickel 1s precipitated as nickel
hydroxide. At this time, cobalt, zinc, copper and the like
are preclpitated together with nickel and are not thus
separated.
(0029] However, since magnesium 1s preclpltated at a

higher pH than nickel, magnesium may be caused to remalin 1n

the solution (solution after hydroxylation), and thus

magnesium 1is separated from nickel.

The alkalli hydroxide used at this time 1s not
particularly limited; however, sodium hydroxide, calcium

hydroxide, potassium hydroxide and the 1like have Dbeen

industrially widely wused, and are desirable from the

viewpoint of beling easily available 1n large amounts.

17
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[0030] The temperature used 1n the hydroxylation step 1s

not particularly 1l1limited; however, the temperature 1s

preferably 40°C to 80°C.

At a temperature lower than 40°C, the reaction time 1is

excessively prolonged, and larger facilities are needed.

At a temperature higher than or equal to 80°C, since resin-

based materials cannot be used, there are limitations on

the materials of facilities, and the eqgquilipment cost 1s

lncreased.

Furthermore, the pH in this step 1is preferably in the

range of 7.5 to 7.8. When the pH 1s lower than 7.5, the

amount of nickel remaining 1in  the solution after
hydroxylation 1s too large, and the loss of nickel 1s large.
Also, when the pH 1s higher than or equal to 7.8, magnesium
begins to precipitate.

[0031] As such, 1n order to strictly separate nickel and
magnesium, 1t 1s 1mportant to adjust the pH to an
appropriate vwvalue. However, when an alkali hydroxide 1is
used, the pH of higher than 7.8 causes precipitation of
magnesium rapidly. Therefore, advanced technology 1s
needed to adjust and maintain the pH to a pH at which co-
preclpitation of magnesium 1s suppressed as much as
possible. In addition, 1in the case that calcium hydroxide

1s used as the alkali hydroxide, since calcium hydroxide

generally includes magnesium as an 1lmpurity, a portion of

18
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this magnesium 1s 1ncorporated 1nto the precipitate of
nickel hydroxide produced 1in the hydroxylation step, and
therefore, when the precipitate produced 1s recycled, the

preclpltate serves as a fresh source of 1ncorporation of

magnesium.

[0032] Thus, 1n the hydroxylation step, the system 1s
maintained at pH 7.8 or lower, at which precipitation of
magnesium 1s suppressed and pH adjustment can be achieved
casily. On the other hand, nickel that remains 1n a minute
amount in the solution (in the solution after
hydroxylation) 1s recovered 1n the subsequent step, or the

carbonation step.

Performing a hydroxylation step and a carbonation step

1n combination enables to perform efficiently separation of
nickel and magnesium and to keep the amount of the
hydroxide reagent used at the minimum, and accordingly a
hydroxide alkali containing a large amount of 1mpurities

such as calcium hydroxide can also be used without

limitations advantageously.

(1 0033] (2) Carbonation step

Then, 1n the carbonation step, an alkall carbonate 1s

added to the solution after hydroxylation, and a minute
amount of nickel that 1s contained 1n the solution after
hydroxylation 1s precipitated as nickel carbonate. At this

time, similarly to the hydroxylation step, cobalt, zinc,

19
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copper and the like are precilpitated together with nickel,
and are therefore not separated.

However, since magnesium 1s preclipltated at a higher
pH than nickel 1s, magnesium can be caused to remaln 1n the
solution, and 1s separated from nickel.

[0034] The alkalili used at this time 1s not particularly
limited; however, sodium carbonate, calcium carbonate,
sodium hydrogen carbonate and  the like have  been
industrially widely wused and are desirable from the

e

viewpoint of being easily available 1n large amounts.

Among them, the sodium carbonate 1s suiltable as an alkali

that has a high salt concentration in the solution to which

the present 1invention 1s applied, and that can easily

increase the pH of the solution to an 1intended pH value.

e -

In a case of the use of sodium carbonate, when a

precipitate produced 1s recycled within the system, sodium

1s also recycled and contaminates manufactured products.

Therefore, the amount of use 1s limited according to the
sodium grade 1n the manufactured products.

(0035] The temperature of the carbonation step 1s not

particularly limited, but preferably 40°C to 80°C.

At a temperature lower than 40°C, the reaction time 1s

excessively prolonged, larger facilities are needed, and

the 1nvestment amount 1s 1ncreased. Furthermore, at a

temperature higher than or equal to 80°C, since resin-based

20
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materials cannot be used, there are limitations on the

materials of facilities, and the labor and time for

malntenance and the equipment cost are 1ncreased.

PH during the process 1s preferably 7.7 to 8.0. When
the pH 1s lower than 7.7, the amount of nickel remaining 1n
the solution after hydroxylation 1s too large, and the loss
of nickel 1s large. Also, when the pH is higher than or

equal to 8.0, magnesium 1s also preciplitated.

[00306] In the carbonation step, since a so-called pH

P

interference action of magnesium carbonate and magnesium

hydrogen carbonate occurs 1n the solution due to the
addition of a carbonate salt, 1t Dbecomes very easy to
adjust the pH to an intended value. Furthermore, since the

P #

production of a precipitate of magnesium becomes moderate

compared with the  hydroxylation step due to  this

interference action, 1t 1s suitable for selectively

-

precilpitating a minute amount of residual nickel.

[0037] (3) Solid-liquid separation step

This 1s a step of separating and recoverling a mixed

gt

slurry 1ncluding a mixed preciplitate of nickel hydroxide

and nickel carbonate produced 1n the hydroxylation and
carbonation steps, and a solution after reaction as a
residual liquid, using a solid-liquid separating apparatus.

The solid-liquid separating apparatus used 1s not

particularly limited, and includes a pressurized filtration
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apparatus, a suction filtration apparatus, and a
centrifugal separation apparatus. The precipitate

containing the recovered nickel as a main component can be

reutilized by recycling as a portion of a neutralizing

r—
—

agent 1n the neutralization step for the purpose of

removing 1ron, chromium and aluminum 1n the leachate.
[0038] (4) Neutralization step

On the other hand, the solution after reaction
containing the i1mpurities after the solid-liguid separation
1s used to form a neutralized solution, that includes a

precilpltate produced by a neutralization treatment

involving the addition of a neutralizing agent and a

solution after neutralization, and then the neutralized
solution 1s subjected to solid-liguid separation using a
solid-liguid separating apparatus to separate 1into a
neutralized precipitate containing impurity elements and a
solution after neutralization.

[0039] Here, the neutralizing agent used 1s not
particularly limited; however, sodium hydroxide, calcium
hyvdroxide, magnesium hydroxide and the like are 1nexpensive
and sultable for industrial use.

The pH wvalue to be adjusted upon neutralization 1is

desirably set to the range of 8.0 to 8.5.

It 1s because when the pH 1s lower than 8.0, the

F

removal of heavy metals 1s achieved 1nsufficiently, and
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when the pH 1s higher than 8.5, there 1s a possibility that

the pH may exceed the effluent standard value of pH so that
1t may be necessary to readjust the pH when the effluent 1is
finally discharged.

[0040] As discussed above, 1ncorporating the method for

removing 1mpurity elements from a solution containing
nickel 1into the production process make 1t possible to
discharge magnesium selectively out of +the production
process system. Accordingly, accumulation of these
elements 1n the system can be avoided, and high-purity

nickel sulfate can be thus produced.

Meanwhile, regarding the form of manufactured products,

the nickel sulfate produced by the invention can be

produced 1nto a nickel sulfate solution, or 1nto nickel

sulfate crystals using a general crystallization method

such as crystallization or spray drying.

EXAMPLES

[0041] Hereinafter, the invention 1s described in detail

by way of Examples.

Example 1
[0042] <Removal of impurity elements>

The removal of 1mpurity elements 1n a solution
containing nickel was <carried out according to the

flowchart of Fig. Z2.
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(1) Hydroxylation step and (2) carbonation step

As a solution containing nickel (original solution),

an acidic sulfuric acid solution 1ndicated in Table 1 was
prepared.
Two 500-ml containers were connected such that the

original solution was continuously supplied to the first

container at a flow rate of 8 ml/min, and the 1liquid
overflowing the first container would be supplied to the
second container, and the liquid was discharged from the
second contalner by overflow.

10043] While the solution temperature was maintained to
be 40°C using a water bath, with the solution being stirred
with a stirrer, calcium hydroxide (200 g/L) was added
dropwise to the first container, and sodium carbonate (200
g/L) was added dropwise to the second container, so as to
achieve the intended pH wvalues, and reactions were allowed

to occur. Thus, a mixed slurry was produced 1in the second

container.

The pH of the solution 1n the first container was
maintained to be 7.6, and the pH of the solution in the
second contalner was maintained to be 7.9.

10044 ] (3) solid-liquid separation step

Next, for the purpose of checking the state of removal

of the 1impurity element concentration, the mixed slurry

thus formed was subjected to solid-liquid separation by
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filtration, and then the solution after reaction thus
obtalined was subjected to a quantlitative analysis of the

various elements 1ncluded 1n the solution by ICP emilission

Spectroscopy.
The results are presented together in Table 1.

10045] [Table 1]

_-
(g/L] | [g/L] g/L]

_E_
0.13

[0040] From Table 1, 1t can be seen that almost the

approximately—-entire amount of nickel has been precipitated,
while the change 1n the concentration of magnesium between
the original solution and the solution after reaction 1s
small, and magnesium has remalined 1n the solution after
reaction.
(0047 ] (Comparative Example 1)

As a solution containing nickel (original solution),
the acidic sulfuric acid solution indicated in Table 2 was

prepared.

Two containers, same as ones used 1n Example 1, were

connected 1n the same manner as 1in Example 1, and the

origilnal solution was continuously supplied to the first
container at a flow rate of 8 ml/min and was discharged

from the second container by overflow.

2



CA 02895486 2016-02-29

[0048] While the solution temperature was maintained to

be 40°C using a water bath, with the solution being stirred

with a stirrer, calcium hydroxide (200 g/L) was added

dropwise to the first container, and sodium carbonate (200
g/L) was added dropwise to the second container, so as to
achieve the intended pH values, and reactions were allowed
to occur. Thus, a mixed slurry was produced in the second

container.

The pH of the liquid 1n the first container was

maintained to be 7.9, and the pH of the solution in the

second container was maintained to be 8.1.

(0049] The mixed slurry thus produced was subjected to

solid-liquid separation Dby filtration, and then the

solution after reaction thus obtained was subjected to a

F

quantitative analysis of the various elements included in

the solution by ICP emission spectroscopy.

The results are presented together in Table 2. It was

found that since the pH of the solution was high during the
process, the Mg concentration in the solution after

reaction was lowered compared to Table 1, and the selective

separation performance was poor.

[0050] [Table 2]

Original solution

Solution after reaction
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Example 2
[0051] <Method for producing high-purity nickel sulfate
solution>

[ Leaching step]

A nickel 1ntermediate serving as a raw material was
charged i1nto an autoclave, oxygen was supplied thereto, and

high temperature and high pressure leaching was carried out

under the conditions described below. Thus, a leachate
(acidic sulfuric acid solution containing nickel) was
produced.

(Leaching conditions)
Leaching temperature: 165°C
Leaching time: 240 minutes
Slurry concentration: 200 g/L

10052 ] [Solvent extraction step]

Subsequently, the pH of the leachate was adjusted, and

then as 1llustrated in Fig. 1, "Co EXTRACTION" 1is carried

out 1n the "SOLVENT EXTRACTION STEP". The organic

eXtractant 1 obtained at that time was supplied to

stripping by an acid under the conditions in which the

resulting extract acquired a high impurity concentration,

and "Ni RECOVERY" was carried out. Thus, a high-impurity

concentration of nickel sulfate solution containing

impurlties at a high concentration (route 1indicated by
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"dashed ARROW 2" 1n Fig. 1) was obtalned. The compositions

of these are presented in Table 3.

[0053] <Removal of i1mpurity elements>

The "method for removing an impurity element”" of the
invention was applied to the high-impurity concentration of
nickel sulfate solution thus obtained.

[Hydroxylation and carbonation steps]

As i1ndicated by the "bold and solid arrows" in Fig. 1,
while the solution temperature of the high-impurity
concentration of nickel sulfate solution thus obtained was
maintained at 40°C, calcium hydroxide was added thereto,
and the pH was adjusted to 7.6. Subsequently, sodium

carbonate was added thereto, and a mixed slurry having the

pH adjusted to 7.9 was formed.

Then, the mixed slurry was subjected to solid-liquid
separation, and then a solution after reaction was obtained.
The composition of the solution after reaction is presented
in Table 3.

(0054 ] Regarding the nickel precipitate thus recovered

(mixed  precipitate of nickel hydroxide and nickel

carbonate), the entire amount of the nickel precipitate was
repeatedly used as a portion of the neutralizing agent used
to adjust the pH of the leachate, and thereby pH adjustment
was carried out (dashed arrow 3). Thus, a pH-adjusted

crude nickel sulfate solution was obtained. The solution

28



CA 02895486 2016-02-29

was supplied to the solvent extraction step ("SOLVENT

EXTRACTION STEP" 1in Fig. 1, and a high-purity nickel

sulfate solution 1indicated by the solid arrow 1 was

obtained.

P

The composition of the high-purity nickel sulfate

solution produced from the solvent extraction step, which
was obtalned by the above-described processes, is presented
1in Table 3.

[0055] [Table 3]

Leachate I!Eﬂlll
Leachate [after pH adjustment] m
High-impurity concentration oj
nickel sulfate solution

Solution after reaction 0.078 [ 0.16 0.81

ngh-—Purlty nickel sultate 0.008 10.006 | 0.0169
solution

0.054

[g/L]

[0050] (Comparative Example 2)

A high-impurity concentration of nickel sulfate

solution produced through the solvent extraction step of

Example 2 and containing impurities at a high concentration,
was  not subjected to hydroxylation and carbonation
treatments, but the entire amount thereof was recycled
(dashed-dotted arrow 4) 1n the process (pH adjustment) and

was subjected to the treatment 1indicated by the "solid
ARROW 1" 1in the flowchart of Fig. 1. The compositions of

the various 1liquids obtained at that time are presented in

Table 4.

29



CA 02895486 2016-02-29

[0057] From the table, 1t can be seen that the
concentration of Mg, which 1s an 1impurity element, 1s
1ncreasing compared with the high-purity nickel sulfate

solution obtained in Example 2.

[0058] [Table 4]
N1 Co Mg

I . [g/L] [ [g/L] (g/L]
Leachate I!!HIII 9.7 0.012
Leachate [after pH adjustment] m 3.9 0.078
High—-impurity concentration of
nickel sulfate solution 37 6.9 V.29
Nickel sulfate solution |!!§||| 0.008 0.009
(0059] (Comparative Example 3)

In the solvent extraction step according to the

production Process of Example 2, a high-impurity

concentration of nickel sulfate solution produced through
the solvent extraction step and containing impurities at a

high concentration, was treated such that nickel in the

solution was precipitated as nickel carbonate using sodium

carbonate only.

This slurry was subjected to solid-liquid separation,
and then a solution after reaction (solution after
carbonation 1n Table 5) was obtained. The composition of
the solution after reaction 1s presented in Table 5.

[0060] Next, regarding the nickel carbonate precipitate
recovered after the solid-liquid separation, the entire

amount of the nickel precipitate was repeatedly used as a

portion of the neutralizing agent used to adjust the pH of
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the leachate, and pH adjustment was then carried out.

Subsequently, the solvent extraction step ("SOLVENT

EXTRACTION STEP" 1in Fig. 1) was carried out, the resultant

was subjected to stripping with an acid, and thus a high-

purity nickel sulfate solution was produced.

The composition of the high-purity nickel sulfate
solution produced by the solvent extraction step, which was
obtained by the above-described processes, 1s presented 1in
Table 5.

(0061 ] [Table 5]

(g/L] | [g/L] [g/L] [g/L]
0.010

Leachate 0.033

Leachate [after pH 0.054 [0.487
adjustment]
High-impurity concentration -“ 0.204 0.086

of nickel sulfate solution
Solution after carbonation 0.29 O 053 0.088

High-purity mnickel sulfate|,.q | gog |0.006 |0.387
solution

[0062] Compared with Example 2, 1t can be seen that when

the high-impurity concentration of nickel sulfate solution

1s treated with the carbonation step only and utilized, the
sodium grade 1n the high-purity nickel sulfate thus

obtained 1s signiflcantly 1ncreased.
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CLAIMS
1. A method for producing high-purity nickel sulfate, the

method comprising a production process for producing high-

purity nickel sulfate from a solution containing nickel by
a solvent extraction step, and the method subjecting a
high-impurity concentration of nickel sulfate solution

obtained 1n the production process to a removal treatment

of an 1mpurity element of magnesium through the following

steps (1) to (4) 1n order, to discharge the impurity

element o©of magnesium 1ncluded in the high-impurity

.y

the

concentration of nickel sulfate solution out o:

P

production process so as to prevent accumulation of the

1mpurity element of magnesium in the production process,
thereby forming high-purity nickel sulfate:

(1) a hydroxylation step of adding an alkali hydroxide

to a portion of the solution containing nickel in the

production process, with a pH range of 7.5 to 7.8, to form

a hydroxylated slurry 1ncluding a precipitate of nickel

hydroxlide and a solution after hydroxylation other than the
preclpitate, the precipitate of nickel hydroxide being
caused by precipitation of the nickel contained 1in the
solution;

(2) a carbonation step of adding an alkali carbonate
to the hydroxylated slurry, with a pH range of 7.7 to 8.0,

and subjecting the nickel contained in the solution after
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hydroxylation to a carbonation treatment to form a

Jr—

carbonated slurry 1including a precipitate of nickel

carbonate and a solution after carbonation other than the
precipitate of nickel carbonate, the precipitate of nickel
carbonate being caused by precipitation of the nickel
contained 1n the solution after hydroxylation, and then
forming a mixed slurry including a mixed precipitate of the

nickel hydroxide and the nickel carbonate, and a solution

after reaction other than the mixed precipitate, the mixed
precipitate being formed by converting the nickel included

1n the solution;

(3) a solid-liquid separation step of separating the

mixed slurry into the mixed precipitate of nickel hydroxide

and nilickel carbonate, and the solution after reaction, the

mixed preclpltate being used as a neutralizing agent for
use 1n pH adjustment prior to the solvent extraction step;
and

(4) a neutralization step of subjecting the sclution
after reaction to a neutralization treatment in a pH range
of 8.0 to 8.5 to produce a neutralized solution that
includes a solution after neutralization and a neutralized
precipltate containing an i1mpurity element of magnesium,
and subjecting the neutralized solution to a solid-liquid
separation, and then recovering the impurity element of

magnesium 1ncluded 1n the solution 1n the production
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process as the neutralized precipitate containing the

1mpurity element of magnesium.

2 . The method for producing high-purity nickel sulfate
according to claim 1, wherein the production process

includes a leaching step of dissolving a nickel-containing

material; and the solvent extraction step of separating

nickel and cobalt by a solvent extraction method.

3. The method for producing high-purity nickel sulfate
according to claim 2, wherein the nickel material

corresponds to any one selected from the group consisting

P

of mixed sulfides of nickel and cobalt, crude nickel

sulfate as an industrial intermediate, nickel oxide, nickel

hydroxide, nickel carbonate, nickel powder, and a mixture

bl

thereof.

g

4 . A method for removing an impurity element of magnesium

from a solution contailning nickel, the method comprising

the following steps (1) to (4) in order, to remove an

impurity element of magnesium from a solution containing

nickel:

(1) a hydroxylation step of adding an alkali hydroxide
to a portion of the solution containing nickel, with a pH

range of /7.5 to 7.8, to form a hydroxylated slurry
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including a precipitate of nickel hydroxide and a solution
atfter hydroxylation other than the ©precipitate, the

preclpitate of nickel hydroxide beiling caused by

precipitation of the nickel contained 1n the solution;

(2) a carbonation step of adding an alkali carbonate

to the hydroxylated slurry, with a pH range of 7.7 to 8.0,

and subjecting the nickel contained 1n the solution after
hydroxylation to a <carbonation treatment to form a
carbonated slurry 1including a precipitate of nickel
carbonate and a solution after carbonation other than the
precipitate of nickel carbonate, the precipitate of nickel
carbonate being caused by precipitation of the nickel
contained 1n the solution after hydroxylation, and then
forming a mixed slurry including a mixXed precipitate of the
nickel hydroxide and the nickel carbonate, and a solution
after reaction other than the mixed precipitate, the mixed
precipitate being formed by converting the nickel included
in the solution;

(3) a solid-liquid separation step of separating the
mixed slurry 1nto the mixed precipitate of nickel hydroxide
and nickel carbonate, and the solution after reaction, the
mixed precipitate being used as a neutralizing agent for

use 1n pH adjustment prior to a solvent extraction step;

and
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(4) a neutralization step of subjecting the solution
after reaction to a neutralization treatment in a pH range
of 8.0 to 8.5 to produce a neutralized solution that
includes a solution after neutralization and a neutralized

F

precipitate containing an impurity element of magnesium,

and subjecting the neutralized solution to a solid-liquid
separation, and then recovering the 1mpurity element
included in the solution in the production process as the
neutralized precipitate contalning the i1mpurity element of

magnesium.

36



CA 02895486 2015-06-17

1/2

FIG. T

Ni-~CONTAINING MATERIAL

LEACHING STEP

LEACHATE
(CRUDE Ni SULFATE SOLUTION)

o o ARROW 3
pH ADJUSTMENT [¢ ~ 7= 77 27727777727
ARROW 4: (FLOW FOR |
ARROW 1 COMPARATIVE EXAMPLE 2) 1|
|
SOLVENT |
EXTRACTION STEP |
Co EXTRACTION o E
PRODUCTION OF |
ORGANIC HIGH-IMPURITY |
EXTRACTANT 1 CONCENTRATION OF ||
Ni SULFATE SOLUTION | !
ARROW 1 = |
ARROW 2 H :
| ORGANIC HIGH-IMPURITY CONCENTRATION OF
l ALKALI
HYDROXIDE
O RELOVERY HYDROXYLATION
STEP
l RECOVERED-Co~-CONTAINING
SOLUTION HYDROXYLATED SLURRY.
HIGH-PURITY AL KALI
Ni SULFATE SOLUTION CARBONATE

CARBONATION STEP
[ REMOVAL METHOD OF

IMPURITY ELEMENT] MIXED SLURRY
(ROLD AND SOLID ARROW)

SOLID-LIQUID
SEPARATION STEP

l
|
|
|
!
!
1

MIXED PRECIPITAT

SOLUTION
AFTER REACTION

| NEUTRALIZATION STEP |
EFFLUENT NEUTRALIZED

(SOLUTION AFTER PRECIPITATE
NEUTRALIZATION)

OF NICKEL HYDROXIDE
AND NICKEL CARBONATE



CA 02895486 2015-06-17

2/ 2
FIG.Z

SOLUTION CONTAINING Ni

~~~~~ ALKALI HYDROXIDE

HYDROXYLATION STEP

HYDROXYLATED SLURRY
-------- ALKALI CARBONATE

'CARBONATION STEP

MIXED SLURRY

SOLID-LIQUID

SEPARATION STEP

MIXED PRECIPITATE
------- » OF NICKEL HYDROXIDE
AND NICKEL CARBONATE

v
SOLUTION AFTER REACTION

NEUTRALIZATION STEP
EFFLUENT NEUTRALIZED
(SOLUTION AFTER PRECIPITATE

NEUTRALIZATION)




Ni-CONTAINING MATERIAL

.

LEACHING STEP

v

LEACHATE
(CRUDE Ni SULFATE SOLUTION)

¢ ARROW 3
pH ADJUSTMENT |g i e ;

ARROW 4: (FLOW FOR |

COMPARATIVE EXAMPLE 2) :

ARRCW 1

I
I
I
I
|
SOLVENT | |
EXTRACTION STEP i i
Co EXTRACTION : |
v PRODUCTION OF 1 | |
ORGANIC HIGH-IMPURITY | | i
EXTRACTANT 1 || CONCENTRATION OF | | |
v Ni SULFATE SOLUTION : |
ARROW 1 : I S |
Ni RECOVERY, [T7racwz | i |
ORGANIC HIGH-IMPURITY CONCENTRATION OF . |
EXTRACTANT 2 Ni SULFATE SOLUTION :
i l ALKALI |
¥ FIYDROXIDE.
Co RECOVERY HYDROXYLATION |
s STEP |

A4
RECOVERED-Co-CONTAINING I i
v ST HYDROXYLATED SLURRY |
HIGH-PURITY ALKALI :
Ni SULFATE SOLUTION v ¥ CARBONATE |
CARBONATION STEP |
[ REMOVAL METHOD OF 3 |
IMPURITY ELEMENT] MIXED SLURRY |
(BOLD AND SOLID ARROW) i i
SOLID-LIQUID |
SEPARATION STEP |

MIXED PRECIPITATE
———p O3F NICKEL HYDROXIDE
soLfrion  ANDNICKEL CARBONATE
AFTER REACTION
v

NEUTRALIZATION STEFP

s
‘ +

EFFLUENT NEUTRALIZED

(SOLUTION AFTER PRECIPITATE

NEUTRALIZATION)




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - abstract drawing

