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(57) Abrege/Abstract:
Provided I1s a method for producing nickel sulfate yielding high-purity nickel sulfate using a method for removing an impurity
element to selectively remove Mg from a solution containing Ni. A process for producing nickel sulfate from an acidic solution
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(57) Abrege(suite)/Abstract(continued):
containing NI Is characterized in that a solution containing Ni Is treated sequentially in steps (1) to (3): (1) a carbonation step for

adding a carbonating agent to a solution containing Ni, forming the Ni contained Iin the Ni-containing solution into a precipitate of
nickel carbonate or a mixture comprising nickel carbonate and nickel hydroxide, and producing a carbonated slurry comprising this
precipitate and carbonated solution; (2) a solid-liquid separation step for separating the carbonated slurry produced In the
carbonation step (1) into the precipitate and carbonated solution; and (3) a neutralization step for adding a neutralizing agent to the
carbonated solution separated through the solid-liquid separation step (2), and recovering the Ni contained Iin the carbonated

solution as a precipitate of Ni.
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(87) Abstract: Provided 1s a method for producing nickel sulfate yielding
high-purity nickel sulfate using a method for removing an impurity element to
selectively remove Mg from a solution containing Ni. A process for produ-
cing nickel sulfate from an acidic solution containing N1 1s characterized in
that a solution containing N1 1s treated sequentially m steps (1) to (3): (1) a
carbonation step for adding a carbonating agent to a solution containing Ni,
forming the N1 contained in the Ni-containing solution mto a precipitate of
nickel carbonate or a mixture comprising nickel carbonate and nickel hydrox-
ide, and producing a carbonated slurry comprising this precipitate and car -
bonated solution; (2) a solid-liquid separation step for separating the carbon -
ated slurry produced in the carbonation step (1) into the precipitate and car -
bonated solution; and (3) a neutralization step for adding a neutralizing agent
to the carbonated solution separated through the solid-liquid separation step
(2), and recovering the Ni contained in the carbonated solution as a precipit-
ate of Ni.
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METHOD FOR PRODUCING HIGH-PURITY NICKEL SULFATE

Technical Field

[0001] The present 1nvention 1is applicable to a field in

which 1t 1s 1ntended to derive high-purity nickel sulfate
from a nickel-containing acid solution, the high-purity
nickel sulfate being usable as a battery material containing

less amount of 1mpurities, particularly magnesium and

calcium.

Background Art

| 0002) Nickel has been widely wused as a material for
stainless steel and corrosion-resistant alloys, and besides,

1n recent years, nickel has been frequently used as a

material for nickel-metal hydride batteries and lithium-ion
patteries used for hybrid electric vehicles, cell phones,
personal computers, and the 1like.

Nickel used as these materials has been produced by
mining mineral ores that exist in the form of sulfide ore or
oxi1de ore, and smelting the mineral ores.

[0003] One example of methods for processing a sulfide ore

1s such that a sulfide ore 1s put 1into a furnace to melt;

1mpurities are separated therefrom as slag to form a matte
containing concentrated nickel; said matte is dissolved with
sulfuric acid or hydrochloric acid; and 1impurities are
separated from the dissolved solution to obtain a nickel
solution. Then, the obtained nickel solution 1s neutralized,
crystallized, or the 1like, whereby nickel salts, such as
nickel sulfate and nickel oxide, are produced.
Alternatively, sometimes nickel metals are produced by

electrolytic winning or the like.
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On the other hand, one example of methods for
processing an oxlde ore 1is such that an oxide ore is heated
and melted together with a reducing agent, such as coke, to
be separated from slag, whereby ferronickel, which 1s an
alloy of nickel and iron, 1is obtained to be used as a
material for stainless.

(0004] However, any of these smelting methods requires a
large amount of energy and a great deal of time, effort and
cost for separation of impurities.

Particularly, 1n recent years, high-quality ores are

pbeing depleted, and accordingly 1t has been hard to secure
such high-quality ores, as a result, the nickel grade in
ores avallable tends to be lower, and thus more time, effort
and more costs have been required to obtain nickel from such
low—-grade raw materials.
[0005] Therefore, there has been recently developed a method
of obtaining a nickel salt or nickel metal by subjecting low
level oxide ores that have not been conventionally used as
raw materials, to acid leaching under high temperature and
pressure, and neutralizing the leached solution with an
alkall such as slaked lime.

This method enables a low-grade resource to be used

effectively and with relatively less energy, but, 1in the

case where the above-mentioned nickel salts need to be

obtained, there has arisen new problems that never have been

found 1n conventional smelting methods.
10006] For example, according to the above-mentioned

smelting method using a furnace, most of magnesium contained
1n ores are distributed to the slag, and accordingly, less
magnesium 1s distributed to the matte. As a result, the

amount of 1ncorporation thereof 1into nickel salts was



CA 02868086 2016-06-14

limited to a very low level, and the incorporation hardly

caused any problem.

On the contrary, according to the smelting method
using high temperature and pressure leaching, magnesium and
manganese are leached well with acid, and as a result,
incorporation of the elements 1nto nickel salts 1s also
increased. Furthermore, 1n high temperature and pressure
leaching, there 1s performed a neutralization operation,
wherein a neutralizing agent 1s added to an obtained leached
slurry to adjust the pH thereof and whereby components other
than a target metal are precipitated and separated therefrom,
and, 1n the case of using calcium hydroxide or the like,
which 1s 1ndustrially 1nexpensive, as a neutralizing agent,

an effect of the 1ncorporation of calcium obtained after the

reaction 1nto nickel salts cannot be disregarded.

10007/] Particularly, 1n the case where nickel 1s used 1in a
material for lithium-ion batteries or nickel hydride
batteries, coexistence of nickel with magnesium, calcium,
chloride 1ons greatly affects the characteristics of a
pbattery finished as a product, and therefore, there 1is
desirable a high-purity nickel salt which 1s obtained by

avolding the 1ncorporation as much as possible from a stage

of producing the nickel salt.

(0008} In the meanwhile, 1n order to obtain nickel sulfate,
which 1s one of nickel salts, with high purity, another
method may be considered, wherein, for example, nickel 1is
once obtalned as a metal by electrolytic winning or the like,
and thils metal 1s dissolved again in sulfuric acid, and then,
the dissolved solution 1s concentrated to crystallize nickel

sulfate. However, obtaining such metal regulires a

considerable amount of electric power and a correspondingly



CA 02868086 2016-06-14

large scale of equipment, and therefore, in consideration of
energy efficiency and costs, the method is not advantageous.
L0009) Furthermore, 1n many cases, a nickel-containing ore
also contains cobalt. Cobalt 1s also a valuable metal and
does not need to coexist with nickel, and therefore, cobalt
and nickel are separated and individually recovered.

As an efficient and practical method of separating
nickel and cobalt contained 1in a sulfuric acid solution,
solvent extraction has been often employed. For example,
Patent Literature 1 discloses an example of separating
nickel and cobalt by extracting cobalt by solvent extraction
using trade name: PC88A (manufactured by Daihachi Chemical
Industry Co., Ltd.) as an extractant.

[0010] In the case of using PC88A as the extractant, the

extraction behavior of magnesium and calcium resembles the
extraction behavior of nickel, and therefore, when solvent
extraction 1s applied to a solution containing high-

concentration nickel, there occurs a problem of a decrease

in efficiency of separating magnesium and calcium, such as a

decrease 1n the extraction rate of magnesium and calcium.

10011] On the other hand, Patent Literature 2 discloses a
method for producing an aqueous solution of high-purity
nickel which does neither include any sodium nor ammonia,
from an  agueous nickel solution contalining calcium,
magnesium, cobalt and the like as impurities, by extracting
and separating impurities 1n the aqgueous nickel solution
using an alkylphosphonic acid ester or an alkylphosphinic
aclid, each containing nickel, as an extractant.

[0012] According to the method proposed in Patent Literature
2, the method 1s such that nickel 1s extracted into an
organic solvent having a high pH in advance, and the organic

solvent 1nto which nickel 1s extracted i1is made to come into
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contact with a nickel solution containing impurities, and

there occurs an exchange reaction 1n which elements more
easlly extracted than nickel are transferred to an organic
phase, while nickel 1n the organic solvent i1s transferred to
an aqueous phase, whereby the 1mpurities 1n the nickel
solution can be removed.

Furthermore, the method 1s effective to prevent a
product from being contaminated due to the incorporation of
an 1mpurity element, such as Na, contained in a pH adjusting
agent 1nto the nickel solution.

[0013] However, also 1n the solution purification step for
nickel sulfate proposed i1n Patent Literature 2, magnesium in

the solution resembles nickel 1n behavior, and accordingly

1t has been difficult to remove magnesium to the extent that
nickel sulfate obtained may be used as a battery material.
Furthermore, 1n the <case where a large amount of
1mpurities, such as iron and aluminum, are contained in a
nickel-containing material that serves as a raw material, a
large amount of a neutralizing agent is required to separate
the impurities therefrom using a process, such as

neutralization, and in addition, there is a possibility that,

when 1mpuritles are precipitated, valuables, such as nickel
and cobalt, are also co-precipitated, thereby causing a loss,

and hence 1t has not been easy to perform an efficient

operation.

[10014] For these reasons, there has been desired a practical

method capable of efficiently obtaining a high-purity nickel
sulfate which has low-grade magnesium or chloride and is
usable as a battery material, from a sulfuric acid solution

containing a large amount of metal ions, such as magnesium,

and chloride i1ons.
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Citation List
Patent Literature

PTL 1: Japanese Patent Application Lailid-Open No. H10-
310437

PTL 2: Japanese Patent Application Laid-Open No. H10-

30135

sSummary

10015a] Certain exemplary embodiments provide a method
of producing high-purity nickel sulfate, the method
comprising a production process of producing nickel sulfate
from a nickel-contalining acid solution 1in a solution
purification step, wherein the nickel-containing acid
solution in the production process 1s treated in order of a
carbonation step (1), a separation step (2), and a
neutrallzation step (3): (1) the carbonation step of adding

a carbonating agent into the nickel-containing acid solution

to make nickel contained 1n the nickel-containing acid

solution 1nto a precipitate of nickel carbonate or a
precipitate of a mixture of nickel carbonate and nickel
nydroxide, and thereby forming a slurry after carbonation
composed of the preclipiltate and a solution after
carbonation; (2) the solid-liquid separation step of
separating the slurry after carbonation formed 1in the
carbonation step (1) into the precipitate of nickel
carbonate or the precipitate of the mixture of nickel
carponate and nickel hydroxide, and the solution after
carbonation; and (3) the neutralization step of adding a
neutralizing agent 1nto the solution after carbonation
separated 1n the solid-liquid separation step (2) to recover
nickel contained 1in the solution after carbonation as a

nickel precipitate, wherein the precipitate formed in the
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carbonation step (1) 1s used as part of a neutralizing agent
used 1n the solution purification step.

10016] In such circumstances, an object of the present
1nvention 1s to provide a removal method of an impurity-
element for selectively removing magnesium from a nickel-
containing acilid solution and a method of producing high-
purity nickel sulfate using said removal method.

[0017] To solve the above-mentioned problems, a first aspect
of the present 1Invention 1s a method for producing high-
purity nickel sulfate, the method including a production
process for producing nickel sulfate from a nickel-
containing acid solution, and the nickel-containing acid
solutlion 1in the production process being treated in order of

the following steps (1) to (3):

(1) Carbonation step of adding a carbonating agent
1nto the nickel-containing solution to make nickel contained
1n the nickel-containing solution into a precipitate of
nickel carbonate or a precipitate of a mixture of nickel
carpbonate and nickel hydroxide, and thereby forming a slurry
after carbonation including the precipitate and a solution
atfter carbonation;

(2} Solid-liquid separation step of separating the
slurry after carbonation formed in the carbonation step (1)
into the precipitate of nickel carbonate or the precipitate
of the mixture of nickel carbonate and nickel hydroxide, and

the solution after carbonation; and

(3) Neutralization step of adding a neutralizing agent
into the solution after carbonation separated through the
solid-liquid separation step (2) to recover nickel contained
1n the solution after carbonation as a nickel precipitate.
10018] A second aspect of the present invention is a method

for producing high-purity nickel sulfate, wherein the
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nickel-containing solution used in the first aspect 1is a
nickel sulfate solution.

10019] A third aspect of the present invention 1is a method
ftor producing high-purity nickel sulfate, wherein the
nickel-contalining solution used in the first and the second
aspects 1s a nickel sulfate solution obtained in such a
manner that a nickel oxide ore 1s leached with sulfuric acid,
whereby 1Impurities other than a target component are
separated to obtain a residue, and a sulfurizing agent 1is
added to said residue to form a nickel sulfide, and said

nickel sulfide 1s then leached with sulfuric acid.

Advantageous Effects

[0020] The present 1nvention provides the following

industrially remarkable effects:

(1) Selective separation and removal of magnesium

enables high-purity nickel sulfate to be produced; and

P

(2) A mixture of nickel carbonate and nickel hydroxide

formed i1n the carbonation step can be used as a neutralizing

agent 1nside the system, whereby costs of a neutralizing

agent can be reduced.

Brief Description of Drawings

[0021] Figure 1 1s a production flowchart of high-purity
nickel sulfate according to the present invention.

Figure 2 1s a flowchart for a removal method of an
1mpurity element from a nickel-containing acid solution.

Figure 3 1s a chart showing relationships between an
amount of sodium carbonate added and residual rates of Mg

and Ca.
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Description of Embodiments

10022 ] The present 1nvention provides a method for producing
high-purity nickel sulfate from a nickel-containing acid
solution, wherein a serilies of the undermentioned steps (1)
to (3) 1s 1included 1in a production process 1in this order,
whereby high-purity nickel sulfate having a less amount of
lmpurities 1s produced from a nickel-containing acid
solution.

[10023] (1) Carbonation step, wherein a carbonating agent 1is

added to a nickel-containing solution to make nickel

contalned in the nickel-containing solution 1into a

precipitate of nickel carbonate or a precipitate of a
mixture of nickel carbonate and nickel hydroxide, whereby a
slurry after carbonation 1s formed, the slurry after
carbonation being composed of a mixture of the precipitate
and a solution after carbonation comprising an
unpreciplitated component other than the precipitate.

(2) Solid-liquid separation step, wherein the slurry
atter carbonation formed 1n the carbonation step (1) 1is
separated 1nto the precipitate (nickel carbonate or the
mixture of nickel carbonate and nickel hydroxide) and the
solution after carbonation.

(3) Neutralization step, wherein a neutralizing agent

1s added to the separated solution after carbonation through
the solid-liquid separation step (2), whereby nickel
contalned 1n the solution after carbonation i1s separated and
recovered as a nickel precipitate.

[0024] Hereinafter, a method for producing a high-purity
nickel sulfate solution according to the present invention
wlill be explained with reference to a production flowchart
for high-purity nickel sulfate shown 1in Fig. 1 and a

tlowchart of a method for removing an impurity element from
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a nickel-containing acid solution shown 1in Fig. 2 according
to the present 1nvention.
1 0025] [Leaching step]

The leaching step 1s a step of forming a leached
solution (a nickel-containing acid 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
1ndustrial 1intermediate, comprising any one selected from
nickel-cobalt mixed sulfide, crude nickel sulfate, nickel
oxlide, mnickel hydroxide, nickel carbonate, nickel powder,
and the like, or a mixture thereof. This leaching step can

be 1mplemented using a well-known method, for example, a

method disclosed 1n Japanese Patent Application Laid-Open No.

2005-350766.

10026] [Solution purification (neutralization) step]

In the case of the use of an 1intermediate, such as
sulfide produced from a solution obtained by leaching a
nickel oxide ore, as the starting material, a large amount
of valuables such as cobalt, and impurities not targeted for
recovery are contained besides nickel to be targeted, and
therefore these wvaluables and impurities need to Dbe

separated (Flow A in Fig. 1).

[0027] Specifically, when the concentration of i1ron,
chromium, or aluminum in the leached solution is high, the
solution purification (neutralization) step 1s implemented
to remove these elements before solvent extraction.
Furthermore, using a solvent extraction method, cobalt,
which 1s a valuable material and targeted for recovery, can
be efficiently separated and recovered. However, magnesium,
whose behavior resembles that of nickel, greatly affects the

solvent extraction  but can be easlly separated by

10
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carponation removal of 1Impurities that 1s a removal method
of 1mpurity elements according to the present invention as
mentioned later.

[0028] Furthermore, a common production process of nickel
sulfate uses an original solution contalining high-
concentration of nickel and low-concentration of impurity,
put, 1t 1s more economical to apply the present invention to
a solution containling magnesium, that 1s, 1impurity, 1in as
high concentration as possible and nickel in as low
concentration  as possible  because the amount of a
carbonating agent used to precipitate nickel as a mixture of
carbonate and hydroxide can be reduced. In that respect, in
the solvent extraction step, a mixing ratio of an organic
phase to an aqueous phase 1s optimized, whereby the

ﬁ

concentration of an element 1n a solution can be easily

adjusted, and therefore a desired solution can be easily

achieved (Flow B 1in Fig. 1, a reaction 1n a direction
indicated by a hollow arrow).

(0029 ] Here, as a method for removing an impurity element
according to the present 1invention, a carbonation removal

method for 1mpurities will be explained with reference to

the flowchart 1in Fig. 2.

| Removal of impurity element from in-process solution]

(1) Carbonation step

In the carbonation step, a carbonating agent 1s added
to an 1in-process nickel-containing material, particularly,
an 1n-process nilckel-containing solution (for example, a
crude nickel sulfate solution) to precipitate nickel as
nickel carbonate or a mixture of nickel carbonate and nickel
hydroxide.

At this time, since elements, such as cobalt, zinc,

copper, manganese, and chromium, form carbonate or hydroxide

I
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in a lower range of pH than the pH range 1n which nickel

forms carbonate Or hydroxide, these elements are

precipitated together with nickel and accordingly not

separated. These elements are thus separated by a method
such as the solvent extraction oY neutralization
precipltation.

(0030} On the other hand, magnesium, sodium, potassium, and
the like form carbonate or hydroxide less easily than nickel
does, and these elements remain 1n the solution after
carbonation, and therefore can be separated from nickel.

The carbonating agent used at this time 1s not
particularly limited, but, sodium carbonate has been
industrially widely used, and 1s preferable because 1t 1s
easlly available 1n large amounts.

10031] The treatment temperature 1n the carbonation step 1is
not particularly limited, but, preferably 40 to 80 degrees C.

A treatment temperature of less than 40 degrees C
causes a too long reaction time, thereby leading to larger-
scale equipment and higher investment costs. On the other
hand, a treatment temperature of not less than 80 degrees C
prohibits a resin material from being used for equipment,
thereby causing a material for eqgquipment to be limited and

costs to be 1ncreased.

(00321 (2) Separation step (Solid-liquid separation step)

The precipitate (nickel carbonate or the mixture of
nickel carbonate and nickel hydroxide) contained 1in the
slurry after carbonation formed 1in the carbonation step (1)
and a solution after carbonation as a residue are separated
and recovered using a solid-ligquid separation apparatus.

The solid-liquid separation apparatus to be used 1is
not particularly limited, and a pressure filter, a suction

filter, a decanter, or the like may be used. The mixture of

|2
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nickel carbonate and nickel hydroxide which contains the
recovered nickel as a maln component can be reused by
repeatedly using as a neutralizing agent 1in the solution
purification step.
10033] (3) Neutralization step

The nickel carbonate or the mixture of nickel
carbonate and nickel hydroxide, each having been separated
as a preclpitate 1n the solid-liquid separation step (2),
can be reused as a neutralilizing agent for pH regulation in
another step.

On the other hand, the solution after carbonation

containing 1mpurlities after the solid-liguid separation
forms a neutralized solution comprising a neutralized
preciplitate as a preclpitate which 1is formed by the
neutralization treatment 1implemented by addition of the
neutralizing agent and contains heavy metals, such as
manganese, and a solution after carbonation; and then the
neutralization solution 1s solid-liquid separated using a
solid-liquid separation apparatus, thereby being separated
into the neutralilzed precipltate (ni1ckel-containing
preclpltate) contalning an impurity element and the solution
after carbonation.

[0034] The neutralizing agent to be used 1n the

neutrallzation step 1s not particularly limited, but, sodium
hydroxide, calcium hydroxide, magnesium hydroxide, or the
li1ke 1s 1nexpensive and thus suitably industrially used.

For the neutralization, the pH is suitably adjusted to
a range ot from 7.0 to 8.5.

This 1s Dbecause a pH of 1less than 7.0 leads to
insufficient removal of manganese, on the other hand, a pH
of more than 8.5 exceeds an effluent standard of pH value,

and accordingly pH readjustment is required.

I3
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[0035] [Solvent extraction step]

Next, there 1s performed the solvent extraction step
wherein an agueous phase 1s made to come 1nto contact with
an organlc phase thereby to exchange components of each of
the phases to 1ncrease the concentration of a certain
component 1n the aqueous phase, meanwhile to decrease the
concentration of the other component therein. In the
present invention, the solvent extraction step 1s
implemented by a solvent extraction method whereln a crude

nickel sulfate solution having a high concentration of

impurlty elements 1s used for the agueous phase, meanwhile
an organic solvent, such as phosphonic acid or phosphinic

acid, or an nickel-containing organic solvent as disclosed

1n Patent Literature 2 1s wused for the organic phase,
whereby a nickel sulfate solution and a stripped liquid are
obtained.

[0036] In this solvent extraction step, changing conditions
for the solvent extraction enables to adjust the

concentration of 1mpurity elements 1n a nickel sulfate

solution to be formed. In this regard, a nickel sulfate
solution with concentrated 1mpurity elements therein 1s
tformed by solvent extraction, and the 1impurity element

removal method shown 1in Fig. 2 1s given to the nickel

sulfate solution again, whereby higher purity of a nickel
sulfate solution can be formed.

|0037] As mentioned above, the removal method of 1impurity
elements from a nickel-contalining acid solution 1is made to
pe 1ncluded 1n the production process thereof, whereby
magnesium can be selectively dilischarged from the production
process system, and therefore these 1mpurity elements are
not accumulated 1nside the system, and as a result, high-

purity nickel sulfate can be produced.

[4
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Nicke. sulfate produced according to the present

invention 1s, as a product form, made into a nickel sulfate

solution or made 1nto a nickel sulfate crystal using a

common crystallization method, such as crystallization or

spray drying.

<Example 1>
[0038] Hereinafter, using an example, the present invention

wlll be further explained.

1)

A simulated solution of a c¢crude nickel sulfate
solution contailning 1impuritlies was prepared as a nickel-
containing material as shown 1n Table 1. Six 200-ml
aliquots of the simulated solution were taken and each of
the allguots was put into a corresponding one of six beakers,
and maintained at 40 degrees C in a water bath. A sodium
carbonate solution was dropped 1nto the aliquots in such a
way as that 0.08, 0.23, 0.45, 0.68, 0.91, and 1.18
equivalents of sodium carbonate with respect to nickel were
added to each of the aliquots, and samples of No.l to No. 6
shown 1n Table 2 were thus produced.

It should be noted that one equivalent mentioned here
was calculated based on the following chemical reaction

formula (1).

10039] [Formula 1]

N1SO4 + NaCOz - NiCO3z + Na»S0; ... (1)
10040] At the time of the dropping, stirring was kept for 30
minutes so as to stabilize the pH value and make the
reaction sufficiently proceed. Then, using a vacuum punp,
Nutsche suction filtration 1s performed with a 5C filter
paper, so that a mixture of nickel carbonate and nickel

hydroxide as a precipitate and a solution after carbonation

as a fi1ltrate are formed.
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Table 2 shows an amount of sodium carbonate added 1n

the dropping, a nickel equivalent, a reactlon temperature, a

pH value, an amount of the filtrate, and an amount of the

preclpitate.

Furthermore, each element contained 1n the solution

after carbonations as a filtrate was qgquantitatively analyzed

by ICP emission spectrometry. Table 3 and Fig. 3 show the

results. In Fig.3, the horizontal axis represents an

equivalent amount of a chemical agent added with respect to

nickel (nickel equivalent), and the chemical agent added was
sodium carbonate. The wvertical axis represents residua.
rates (%) of Mg, Ca, and N1 contained 1in the filtrate.
100411 [Table 1]
N1 Co Mg Ca Mn
[g/L] (g/L] [g/L] [g/L] [g/L
38 7.1 0.24 0.30 0.001
[0042] [Table 2]
Addition pH Precipitate
amount N1 Temperature SFlrrlng Filtrate Molisture
No of . time . . wet dry
Na.Co. equivalent [degrees C] e Initial | Final [ml ] q] g content
[g] | 8
1 1.2 0.08 4.69 6.38 | 202 5.77 | 1.26 | 78.2
7 3.4 0.23 4.73 6.33 | 200 18.82 | 6.09 | 67.6
3 6.8 0.45 20 20 4.80 6.37 | 208 35.35 | 11.59 | 67.2
4 10.72 0.68 4.81 6.45 | 223 48.49 | 12.88 | 73.4
5 | 13.7 0.91 4.85 6.74 | 215 65.64 | 20.06 | 69.4
5 17.7 1.18 4.89 7.54 | 231 64.29 | 22.57 | 64.9
[0043]) [Table 3]
NG Na CO, N1 Filtrate + | N1 Co Mg Ca Mn
Kol equivalent Free water (g/L] (g/L] (g/L] (g/L] (g/ L]
1 1.2 0.08 207 36 6.7 0.24 0.30 0.001
D 3.4 0.23 232 28 5.5 0.21 0.24 < 0.001
3 6.8 0.45 259 18 3.8 0.19 0.19 < 0.001
4 10.2 0. 68 261 10 2.2 0.17 0.13 < 0.001
5 13.7 0.91 213 5.1 1.1 0.16 0.084 | < 0.001
6 17.7 1.18 273 0.31 0.064 0.097 0.015 | < 0.001

|0044] As can be seen from Table 3 and Fig.

3,

1n the case

where 1.2 equivalents of sodium carbonate with respect to

nickel 1s added,

16
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precipltate, while 42% of magnesium 1s present 1in the
precipitate and 58% of magnesium 1s present 1n a filtrate,
and hence, 1t 1s understood that addition of a carbonating

agent enables nickel and magnesium to be separated.

|/
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CLAIMS

1. A method of producing purified nickel sulfate, the
method comprising a production process of producing nickel
sulfate from a nickel-containing acid solution 1in a solution
purification step, wherein the nickel-containing acid
solution in the production process 1s treated 1n order of a
carbonation step (1), a separation step (2), and a
neutralization step (3):

(1) the carbonation step comprising adding a
carbonating agent into the nickel-containing acid solution
to make nickel contained in the nickel-containing acid
solution into a precipitate of nickel carbonate or a
precipitate of a mixture of nickel carbonate and nickel
hydroxide, and thereby forming a slurry after carbonation
composed of the precipitate and a solution after
carbonation;

(2) the solid-liquid separation step comprising
separating the slurry after carbonation formed 1in the
carbonation step (1) into the precipitate of nickel
carbonate or the precipitate of the mixture of nickel
carbonate and nickel hydroxide, and the solution after
carbonation; and

(3) the neutralization step comprising adding a
neutralizing agent into the solution after carbonation
separated in the solid-liquid separation step (2) to recover
nickel contained 1in the solution after carbonation as a
nickel precipitate,

wherein the precipitate formed 1in the carbonation

step (1) is used as part of a neutralizing agent used 1in the

solution purification step, and
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wherein the nickel-containing acid solution 1s a

nickel sulfate solution.

2. The method of producing purified nickel sulfate
according to claim 1, wherein the nickel-containing acid
solution is a nickel sulfate solution obtained by leaching a
nickel oxide ore with sulfuric acid, separating impurities
other than a target component to obtain a residue, and
adding a sulfurizing agent to the residue to form a nickel
sulfide, and then leaching the nickel sulfide with sulfuric

acid to obtain the nickel sulfate solution.
3. The method of producing purified nickel sulfate
according to claim 1 or 2, wherein the nickel-containing

acid solution 1is subjected to a solvent extraction step

prior to the carbonation step.

19

e SIS £ TR ey, T O a2t g iy W S L AN S A W (LA M £ G T g VI 6 1 B30 L i AR MR s B i T BTy T e A S e e N et s L RN el




C'A 02868086 2014-09-22

1/2
FIG. T

Starting mate[ial

| eaching step l

I

|_eached solution

|

Solution purification
(neutralization) step

Carbonated
A | precipitate
To the outside —
of the system
[ Solvent exfraétior1—| B
St?-‘-)—[— - % Nickel sulfate solution of
——> high-impurity element concentration
_Carbonation removal
method of impurities
A
Nickel Stripped liquid Soluti
: — olution
sulfate solution after carbonation

[ Neutralization—l
Neutralized Solution
‘precipitate  after neutralization




CA 02868086 2014-09-22

2/ 2
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