Office de la Propriete Canadian CA 2853224 A1 2013/05/02

Intellectuelle Intellectual Property
du Canada Office (21) 2 853 224
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/10/17 (51) CLInt./Int.Cl. C22B 23/00(2006.01),

C22B 3/20(2006.01), C226 3/26 (2006.01),
C22B r/00(2006.01), HOTM 10/54 (2006.01)

(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2013/05/02
(85) Entree phase nationale/National Entry: 2014/04/23

(86) N* demande PCT/PCT Application No.: JP 2012/076851 SUMITOMO METAL MINING CO. LTD. JP
(87) N° publication PCT/PCT Publication No.: 2013/061848 (72) Inventeurs/Inventors:
(30) Priorités/Priorities: 2011/10/24 (JP2011-232419): OZAKI, YOSHITOMO, JP;

2012/06/25 (JP2012-141815) NAKAI, TAKAYUKI, JP;

HEGURI SHINICHI JP
OHARA, HIDEKI, JP

(74) Agent: SMART & BIGGAR

(54) Titre : PROCEDE POUR PRODUIRE UNE SOLUTION AQUEUSE DE SULFATE DE COBALT DE PURETE ELEVEE
54) Title: METHOD FOR PRODUCING HIGH-PURITY COBALT SULFATE AQUEOUS SOLUTION

100 -
o— Co |
—=—-Mn
30 r~— Cg |-
O AN
| - Mg
¥ 60 | ——Cu |-
H
H 40 o L
AA
20 U - T
0 .
1 2 3 4 9

AA  Extraction rate (%)

(57) Abréegée/Abstract:

sulfate Provided Is a method for easily and efficiently removing manganese from an acidic sulfuric acid solution that contains cobalt
and manganese at low cost for the purpose of obtaining a high-purity cobalt sulfate agueous solution that is applicable as a starting
material for lithium ion secondary batteries, and the like. WWhen manganese Is extracted by mixing an acidic sulfuric acid solution (an
agueous phase) that contains cobalt and manganese with an acidic organic extractant (an organic phase), the pH Is adjusted to
within the range of from 2 to 4 (inclusive) using a pH regulator such as sodium hydroxide, thereby extracting manganese In the
organic phase and obtaining a high-purity cobalt sulfate agueous solution. It is preferable that di-2-ethylhexyl phosphate which Is
diluted to a concentration of 10-30% by volume Is used as the acidic organic extractant.
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Abstract

P
P

ficiently

sulfate Provided 1s a method for easily and e:

removing manganese from an acidic sulfuric acid solution that

—
p—

contains cobalt and manganese at low cost for the purpose of

obtaining a high-purity cobalt sulfate agueous solution that 1is

applicable as a starting material for lithium 1on secondary
batteries, and the like. When manganese 1s extracted by mixing an
acidic sulfuric acid solution (an agqueous phase) that contains
cobalt and manganese with an acidic organic extractant (an organic

P
-

phase), the pH i1s adjusted to within the range of from 2 to 4

(inclusive) using a pH regulator such as sodium hydroxide, thereby

extracting manganese 1n the organic phase and obtaining a

high-purity cobalt sulfate aqueous solution. It 1s preferable that

pre—
—

di-2-ethylhexyl phosphate which 1s diluted to a concentration of

10-30% by volume 1s used as the acidic organic extractant.
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Description

Title of Invention

METHOD FOR PRODUCING HIGH-PURITY COBALT SULFATE AQUEOUS SOLUTION

Technical Field
(0001

The present invention relates to a method in which manganese

1s separated from a sulfuric acid solution contalning manganese

and cobalt to obtain a high-purity cobalt sulfate aqueous solution

that has a low manganese concentration and can be used as a raw

material for lithium ion secondary batteries.

Background Art
0002 ]

Cobalt 1s a valuable metal used in heat-resistant alloys etc.

and 1s recently used as a raw material for lithium ion secondary

batteries, and therefore its application is expanding. Further,

cobalt 1s mostly present in nickel ore such as nickel oxide ore

1n minute amounts, and is therefore obtained as cobalt metal or

cobalt salts by separating nickel through the processes of dry or

wet smelting and extraction.
[0003]

For example, when cobalt is obtained by dry smelting, nickel

ore 1s smelted to produce nickel matte in which nickel and cobalt
are concentrated. Then, the nickel matte is subjected to leaching
with mineral acid to obtain an acid solution containing nickel and

cobalt, and then nickel is separated and recovered from the acid

solution by a method such as solvent extraction to obtain cobalt

as cobalt metal or cobalt sulfate.
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(0004 ]

Recently, wet smelting is also performed to obtain cobalt as

a cobalt sulfate aqueous solution. More specifically, nickel ore

1s subjected to leaching with sulfuric acid under high temperature

and high pressure to obtain a leachate, and a sulfating agent is

added to the leachate to obtain a mixed sulfide containing nickel

and cobalt. Then, the mixed sulfide is treated in the same manner
as the above-described nickel matte to separate and recover nickel
to obtain cobalt as a cobalt sulfate aqueous solution. Such a wet
smelting method using high temperature and high pressure has the
advantage that lower-grade ore can be treated as compared to the
above-described dry smelting method.

10005]

When added to alloys or used as a battery material, the thus

obtained cobalt is required to be high grade by separating

impurities as much as possible to ensure desired performance.

Particularly, in the case of the above-described wet smelting method,

the impurity concentration, especially manganese concentration,

of a cobalt sulfate aqueous solution obtained by separating and

recovering nickel by extraction is generally required to be

ﬁ

suppressed to a level of about several hundreds of ppm or lower

1n order to use the cobalt sulfate aqueous solution as a raw

material.
[0006]

Nickel oxide ore contains, in addition to nickel and cobalt,

impurities such as manganese, magnesium, aluminum, zinc, chromium,

 and

etc. However, wet smelting has a problem with the separation of

such impurities. For example, in the case of the above-described

wet smelting method, manganese is leached in an acid solution

together with nickel and cobalt, is distributed also to a sulfide,

and shows the same behavior as cobalt also in solvent extraction

performed to separate nickel and cobalt from each other, and

2
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therefore an aqueous solution containing not only cobalt but also

manganese 1s finally obtained.

10007 ]

From the above fact, a cobalt sulfate aqueous solution

obtained by separating and recovering nickel by wet smelting

ﬁ

contains a considerable concentration of manganese as an impurity

ﬁ
—

and 1s therefore difficult to add to alloys or use as a raw material

for lithium ion secondary batteries. It is to be noted that in the

P

fectlvely separated as

case of dry smelting, manganese can be e:

slag produced by smelting and therefore the effect of manganese

on subsequent steps 1s small.

[0008]

Various methods for removing manganese from an aqueous

solution are known and examples thereof include a neutralization

method, a sulfurization method, a contact filtration method, an
1on exchange method, and an adsorption method. Among these methods,

the neutralizationmethod has been generally and widely used because

1t 1s an easy and reliable method for industrially treating
manganese. The neutralization method is a method in which an
alkaline neutralizer such as sodiumhydroxide, potassiumhydroxide,
or calcium hydroxide 1s added to an aqueous solution containing

manganese to adjust pH to 9 to 10 to remove manganese ions in the

P

form of hydroxide 1n such an alkaline region.

[0009]

However, when such a neutralization method is used to remove

manganese 1ons 1n an aqueous solution in the form of hydroxide,

1t 1s difficult to separate manganese ions from, for example, metal

R—

F

lons precipitated as hydroxide at a pH of at most 9. Further, when

manganese needs to be separated from a solution containing a high

concentration of cobalt, there is a case where part of cobalt is

coprecipitated when a manganese precipitate is formed by

neutralization, and therefore cannot be recovered and is lost.

3
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(0010]

As a method for solving such a problem, Patent Literature 1

discloses a method in which permanganate is added as an oxidizer
to water contailning manganese and pH is maintained at 3 to 8 to

oxlidize divalent manganese ions to tetravalent manganese ions so

that insoluble manganese dioxide is formed as a precipitate.

P

However, this method has the problem of a great increase in cost

pbecause permanganate needs to be added in an amount equivalent to

or more than the amount of divalent manganese ions, and in addition,

a heavy metal chelator needs to be further added to remove excess

permanganate.

(0011}

It 1s to be noted that a chlorine-based oxidizer such as

chlorine gas or sodium hypochlorite is inexpensive, but when such

a chlorine-based oxidizer is used, there is a fear that chlorine

remalns 1n a cobalt sulfate solution. This results in chlorine

F

- the solution

F

contamination of cobalt sulfate crystallized out o:

1n which chlorine remains, and therefore such cobalt sulfate cannot
be used in applications such as secondary batterymaterials required
to have high purity.

[0012]

On the other hand, a method is known in which nickel or cobalt

1s separated from a leachate by extraction. For example, Patent

Literature 2 discloses a method for separating manganese contained
in an acidic solution from cobalt by extraction using

organophosphorus acid, carboxylic acid, and organophosphinic acid.

However, when cobalt 1s separated by this extraction method from

Che above-described acidic solution obtained by subjecting nickel

oxlide ore to leaching with sulfuric acid, since the acidic solution

also contains a high concentration of manganese, there is a problem

that part of cobalt is extracted together with manganese and lost

due to variations 1n operation conditions or part of manganese forms

4
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an oxide precipitate and the precipitate interferes with operations

1n the process of solvent extraction.

Citation List
Patent Literatures

[0013]
Patent Literature 1: JP-A-7-108281
Patent Liliterature 2: US Patent Application Publication No.

Us2004/0050212

summary of Invention
Technical Problem

10014]

In view of the above conventional problems, it is an object

of the present invention to provide a method capable of easily and

.

efficlently removing manganese from an aqueous acidic solution o:

sulfuric acid contalining cobalt and manganese at low cost to obtain

a high-purity cobalt sulfate aqueous solution usable as a raw

material for lithium ion secondary batteries.

Solutlion to Problem

[0015]

In order to achieve the above object, according to the present

inventlon, there is provided a method for producing a cobalt sulfate

P

aqueous solution from an aqueous acidic solution of sulfuric acid

containing cobalt and manganese, the method including mixing the

aqueous acidic solution of sulfuric acid containing cobalt and

manganese with an acidic organic extractant while adjusting a pH

H

of the aqueous acidic solution of sulfuric acid in a range between

2 and 4 to extract manganese.

[0016]

In the method for producing a cobalt sulfate aqueous solution

O
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according to the present invention, the acidic organic extractant

mainly contains di-2-ethylhexyl phosphate. Further, it is

preferable that the acidic organic extractant is diluted with a

gr-

diluent so that a concentration of di-2-ethylhexvyl phosphate in

the acidic organic extractant is 10 to 30 vol%.

[0017]

In the method for producing a cobalt sulfate agqueous solution

according to the present invention, it is preferable that when
further containing copper, the agqueous acidic solution of sulfuric

—

acid 1s mixed wlth an acidic organic extractant while the pH of

P

the aqueous acidic solution of sulfuric acid is adjusted to a value

in a range between 2.6 and 4 to extract copper together with

manganese.

[0018]

Further, in the method for producing a cobalt sulfate aqueous

solution according to the present invention, after manganese 1is

extracted from the aqueous acidic solution of sulfuric acid
contalning cobalt and manganese using the acidic organic extractant,
the acidic organic extractant is washed with water while pH is
adjusted to at least 2.1 to recover cobalt extracted into the acidic
organic extractant by back-extraction into an aqueous phase.

[0019]

Further, 1n the method for producing a cobalt sulfate agqueous

solution according to the present invention, it is preferable that

F

- sulfuric acid is adjusted

the pH of the aqueocus acidic solution o:

using at least one pH adjuster selected from sodium hydroxide,

potassium hydroxide, magnesium oxide, magnesium hydroxide, and an

aqueous ammonia solution. Furthermore, it is preferable that the

aqueous acidic solution of sulfuric acid has a cobalt concentration

of 70 to 100 g/L and a manganese concentration of 0.05 to 1.0 g/L.

)

Effects of Invention
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[0020]

According to the present invention, it is possible to easily

P
e

and ef:

iclently separate and remove manganese as an impurity from

an aqueous acidic solution of sulfuric acid containing cobalt and
manganese at low cost by a simple method. Further, it is also

possible to easily separate and remove manganese also from an

F

aqueous acidic solution of sulfuric acid containing a high

concentration of cobalt without using an expensive oxidizer or a

chlorine-based oxidizer and to suppress the loss of cobalt due to

coprecipltation.

[0021]

Therefore, the high-purity cobalt sulfate agqueous solution

obtained by the present invention contains a very low concentration

F

of manganese and no chlorine and 1s therefore suitable as a raw

material for lithium ion secondary batteries. Further, cobalt
slightly extracted into the organic phase together with impurities
such as manganese etc. can be back-extracted into an agueous phase

by washing, which makes 1t possible to reduce the amount of cobalt

lost without being recovered.

Brief Description of Drawings
[0022]

[F1g. 1] A graph showing the relationship between the pH of

e

an aqueous acidic solution of sulfuric acid containing cobalt and

manganese and the extraction rate of each element in Example 2.

[Fi1g. 2] A graph showing the relationship between the pH of

H

an aqueous acidilc solution of sulfuric acid containing cobalt and

manganese and the extraction rate of each element in Example 3.

s

[F'1g. 3] A graph showing the relationship between the pH of

an aqueous acidic solution of sulfuric acid containing cobalt and

P

manganese and the extraction rate of each element in Example 4.

[Fig. 4] A graph showing the relationship between the pH of

7
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an acildic organic extractant after extraction and the recovery rate

of each element back-extracted into an aqueous phase in Example

o.

Description of Embodiments

[0023]

According to a method for producing a cobalt sulfate aqueous

solution of the present invention, when an aqueous acidic solution

of sulfuric acid containing cobalt and manganese as an impurity

l—

(aqueous phase) and an acidic organic extractant (organic phase)

are brought i1nto contact with each other, a pH adjuster is added

to adjust the pH of the agqueous phase to a value in a range between

2 and 4 to selectively extract manganese in the aqueous phase into

the organic phase to recover a high-purity cobalt sulfate agueous

solution having a low manganese concentration as an agqueous phase.

[0024 ]

F

If the pH of the aqueous acidic solution of sulfuric acid is

less than 2 during the extraction, manganese can hardly be extracted.

On the other hand, 1f the pH exceeds 4, cobalt is more likely to

be extracted into the organic phase together with manganese, which

makes 1t difficult to separate manganese and cobalt from each other.

Further, 1f the pH exceeds 4, there is a fear that an impurity,

other than manganese, forms a hydroxide so that crud is formed during

solvent extraction and therefore operation becomes difficult.

10025
It 1s to be noted that cobalt is more likely to be extracted

when the pH exceeds about 3, and therefore the pH is preferably

maintained at a value 1n a range between 2 and 3 to completely

suppress the extraction of cobalt. Further, when the aqueous

acidic solution of sulfuric acid contains copper in addition to

manganese etc., copper can be extracted into the organic phase

1)

together with manganese by mixing the aqueous acidic solution o:

8
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sulfuric acid with the acidic organic extractant while adjusting

the pH of the aqueous acidic solution of sulfuric acid to a value

1n a range between 2.6 and 4.

[0026]
As the pH adjuster used to adjust pH, one that forms a

water-soluble sulfate after pH adjustment is suitable. Examples

of such a pH adjuster include sodium hydroxide, potassium hydroxide,
magnesium oxide, magnesium hydroxide, and an agqueous ammonia

solution. Sodiumhydroxide, potassium hydroxide, magnesium oxide,

or magnesium hydroxide may be used in solid form, but is preferably

used as an aqueous solution. It is to be noted that magnesium oxide

1s dissolved in water to form an aqueous magnesium hydroxide
solution. When an aqueous ammonia solution is used as the pH

adjuster, an economically excellent process 1is achieved because
the amount of chemical agent to be used can be reduced by providing

an ammonla recovery process as a subsequent process.

[0027]

On the other hand, one that forms insoluble gypsum after pH

adjustment such as calcium hydroxide or calcium oxide is not

preferred as the pH adjuster because formed gypsum becomes the cause

of contamination of cobalt metal or cobalt sulfate finally obtained

from the cobalt sulfate agqueous solution. It is to be noted that

there 1s a case where an alkali is added to separate another impurity

or adjust pH to a value suitable for solvent extraction in the

gr—

- sulfuric acid

process of obtaining the aqueous acidic solution o

containing cobalt and manganese used as a raw material in the method

according to the present invention.

[0028]

As the acidic organic extractant, an organophosphorus

acld-based acidic organic extractant is preferred, and an

extractant mainly containing di-2-ethylhexyl phosphate having a

high ability to extract zinc, iron, calcium, etc. is particularly

9
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—

preferred. An example of such an acidic organic extractant

commercially available and mainly containing di-2-ethylhexyl

phosphate includes DP-8R (trade name) manufactured by Daihachi

Chemical Industry Co., Ltd.
(0029]

When used, the acidic organic extractant is preferably

diluted with a diluent so that the concentration of di-2-ethylhexyl

phosphate as its main component in the organic phase (acidic organic

extractant) 1s 10 to 30 vol%. It is to be noted that the diluent
1s not particularly limited, and for example, various
hydrocarbon-based diluents such as Teclean N-20 (trade name)

manufactured by Nippon 01l Corporation can be used.

[0030]
The reason why the concentration of di-2-ethylhexyl phosphate

1n the organic phase (acidic organic extractant) is adjusted to

10 to 30 vol% when di-2-ethylhexyl phosphate is used as the acidic

organic extractant is that if the concentration of di-2-ethylhexyl

P

phosphate 1s lower than 10 vol%, the amount of manganese to be

eXxtracted per unit amount of extractant is small, which creates

the necessity to increase the capacity of equipment. On the other

F

hand, 1f the concentration of di-2-ethylhexyl phosphate exceeds

30 vols, the viscosity of the organic phase increases, which is

disadvantageous because operation becomes unstable due to poor

separation between the organic phase and the aqueous phase so that

productivity is reduced. 1In order to stably and reliably perform

treatment, the concentration of di-2-ehtylhexyl phosphate is more

preferably set to a value in a range between 15 and 25 vol$%.

(0031]

By performing the extraction using the acidic organic

extractant, an i1mpurity such as manganese can be extracted from

F

- sulfuric acid containing cobalt and

the agqueous acidic solution o:

manganese 1nto the organic phase (acidic organic extractant) while

10
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F

extraction of cobalt is suppressed. However, cobalt in the agueous

aclidic solution of sulfuric acid is even partially extracted into

the organic phase, and therefore there is a case where the extracted

P

cobalt 1s lost and the recovery rate of cobalt is reduced if nothing

1s done. In such a case, the cobalt extracted into the acidic
organic extractant can be recovered by selective back-extraction

into an aqueous phase by washing the acidic organic extractant after

extraction (organic phase after extraction) with water while
adjusting pH to at least 2.1.
(0032 ]

When the acildic solution of sulfuric acid containing cobalt

and manganese further contains copper as an impurity, copper can

be extracted together with manganese by mixing the aqueous acidic

solution of sulfuric acid with the acidic organic extractant while

— —

adjusting the pH of the aqueous acidic solution of sulfuric acid

to a value 1n a range between 2.6 and 4. It is to be noted that

H

1n this case, the recovery rate of copper is increased by adjusting

pH to at most 2.1 when cobalt 1s selectively back-extracted into

an aqueous phase by washing the acidic organic extractant after

extraction with water in such a manner as described above, which

1s seemingly preferred. However, in real operation, the recovered

liquid 1s generally often returned to the extraction stage and

treated so that a water balance is achieved. Therefore, caution

1s requlred because there is a fear that copper accumulates unless

copper 1s taken out of the system.

[0033]

In the extraction of manganese into the organic extractant,

the back-extraction of cobalt into an aqueous solution, and the
washing of the organic extractant to remove impurities contained
therein, which 1s called scrubbing, the optimum range of the ratio

P

of the amount of liquid (O/A) between the organic extractant (O)

and the acidic solution of sulfuric acid (A) to be brought into

11
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contact with the organic extractant or the optimum ranges of the

F

supply amount of each of the liquids, contact time, liquid

Cemperature, etc. 1n the case where continuous equipment is used

may be appropriately selected through a verification test or real

operation in consideration of the scale of equipment used, cost,

y

or the stability of reaction. In general, the ratio O/A in the

extraction or the back-extraction varies depending on the

concentration of a target solution, but is appropriately in a range

between about 10 and 0.1 centered around 1. Further, the reaction

can smoothly proceed when the temperature is about 30 to 45°C and

the contact time is about several minutes to 1 hour.

(0034 ]

The aqueous acidic solution of sulfuric acid used as a

starting material 1in the present invention contains cobalt and

F

manganese, and the concentration of cobalt in the agueous acidic

solution of sulfuric acid is preferably in a range between 70 and

100 g/L and the concentration of manganese in the aqueous acidic

solution of sulfuric acid is preferably in a range between 0.05

and 1.0 g/L. Such an aqueous acidic solution of sulfuric acid is

gr—

- 1ncludes an acidic

not particularly limited, and an example thereo:

F

solution of sulfuric acid obtained by subjecting nickel ore or a

discarded lithium 1on secondary battery to leaching with sulfuric

acld to obtain a leachate, subjecting a mixed sulfide obtained by

sulfurizing the leachate to leaching with sulfuric acid to obtain

a solution, and separating nickel from the solution by solvent

extraction.
[0035]

A reaction apparatus used to carry out the method according

to the present invention 1s not particularly limited, and various

P

types of multistage countercurrent reaction tanks can be

appropriately used as long as contact and separation between the

organlic phase and the aqueous phase can be efficiently performed.

12



CA 02853224 2014-04-23

P

In view of 1ndustrial efficiency, continuous multistage

countercurrent extraction tanks such as amultistage countercurrent

mixer settler 1s preferably used.
[(0036]

In the case of operatlon using multistage countercurrent

extraction tanks, an organic phase composed of the acidic organic

extractant 1s supplied toa first state and an aqueous phase composed

P

ot the aqueous acidic solution of sulfuric acid to be purified is

supplied to a final stage, and the organic phase and the agueous

phase are countercurrently brought into contact with each other
while the pH in the multistage countercurrent extraction tanks is
malintained at a value in a range between 2 and 4 by supplying an

F

alkalil such as sodium hydroxide to each stage. The number of stages

required for extraction may be appropriately selected based on the

F ﬁ
p—

concentration of manganese 1n the aqueous acidic solution of

sulfuric acid or a target concentration. A high-purity cobalt

sulfate aqueous solution after purification 1s obtained from the

first stage and an organic phase containing manganese after the

P

completion of reaction 1s obtained from the final stage.

Examples
[0037]
[Example 1]

An aqueous acidic solution of sulfuric acid containing cobalt

and manganese and an acidic organic extractant were brought into

F

contact with each other to confirm the distribution of impurities

such as manganese etc. to an agueous phase and an organic phase.

The aqueous acidic solution of sulfuric acid as an agueous phase

was prepared using reagents of metal sulfates to have a composition

shown 1n a row labeled “starting liquid” in the following Table

1, and 1ts pH was adjusted to 2.5 using an aqueous sodium hydroxide

solution. The acidic organic extractant used as an organic phase

was prepared by diluting di-2-ethylhexyl phosphate (manufactured

13
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by Daihachi Chemical Industry Co., Ltd under the trade name of

“DP-8R”) with a diluent (manufactured by Nippon 0il Corporation

P F

under the trade name of "“"Teclean NZ20”) to a concentration of 20

vOol%.

[0038]

Four batches of the agueous acidic solution of sulfuric acid

(aqueous phase) and four batches of the acidic organic extractant
(organic phase) were prepared, and the agqueous phase and the organic

phase were subjected to extraction treatment by a method resembling

four-stage countercurrent extraction. More specifically, the

aqueous phase (0) and the organic phase (A) were placed in a 300-mL

beaker 1in a volume ratio of 1:1 (O/A = 1) and stirred with a stirrer

P‘

while the temperature of the liquid was maintained at 40°C using

a water bath to perform first-stage extraction. The stirring

extraction was continued for 20 minutes, and then stirring was

stopped and the liquid was allowed to stand to separate into an

e

organic phase and an aqueous phase. Each of the obtained agqueous

phase and organic phase was sampled to analyze ions of metals by
ICP.
[0039]

The aqueous phase after the sampling was brought into contact

with a fresh organic phase to perform treatment as second-stage

extraction 1n the same manner as described above, and on the other

hand, the organic phase after the sampling was bought into contact

with a fresh aqueous phase to perform treatment in the same manner

as described above. This operation was repeated four times to

perform treatment resembling four-stage countercurrent extraction.

Thls means that i1n this treatment, the aqueous phase subjected to
the first-stage extraction was brought into contact with the organic
phase only once, but the agqueous phase subjected to the second-stage

extraction, the aqueous phase subjected to the third-stage

extraction, and the aqueous phase subjected to the fourth-stage

14
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extraction were brought into contact with the organic phase twice,

three times, and four times, respectively.
(0040 ]

The concentratlons of cobalt and impurity components such as

manganese etc. of each of the aqueous phases, obtained in the first-

to fourth-stage extraction, determined by the ICP analysis are shown

1n rows labeled “first-stage extraction” to “fourth-stage

extraction” 1n the following Table 1, respectively. Further, the

F

concentrations of cobalt and impurity components such as manganese

- -

etc. of each of the organic phases, obtained in the first- to

fourth-stage extraction, determined by the ICP analysis are shown

in rows labeled "“first-stage extraction” to “fourth-stage

extraction” in the following Table 2, respectively.

[0041]
[Table 1]

Aqueous Phase (g/L)
Co 4N Mn Mg Ca Cu

Starting 102 0.38 0.38 0.38 0.37 0.44
Ligquid

First-Stage 99.7 0.003 0.23 0.40 0.09 0.44
Extraction

Second-Stage 98.1 | <0.001 0.10 0.39 0.016 0.38
Extraction

Third-Stage 96.8 <0.001 0.030 0.38 0.002 0.28
EXtraction

Fourth-Stage 94 .8 | <0.001 0.012 0.35 <0.001 0.20
Extraction

(0042]
[Table 2]

Organic Phase (g/L)
Co Zn Mn Mg Ca Cu

Starting — — — - — —

Liguid
First-Stage 2.7 0.43 0.39 0.025 0.42 0.14
Extraction

15
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Second-Stage 3.3 0.003 0.21 0.032 0.069 0.15

Extraction
Third-Stage 3.4 <0.001 0.071 0.036 0.014 0.12

Extraction
Fourth-Stage 3.1 <0.001 0.024 0.033 0.003 0.08

Extraction
10043]

As can be seen from the results shown in the above Tables 1

and 2, the concentration of manganese 1n the agqueous acidic solution

P

of sulfuric acid (starting liquid) as an aqueous phase was 0.38

g/L but could be reduced to 0.012 g/L by reaction resembling

four-stage countercurrent extraction. That 1s, the ratio of

1

manganese to cobalt could be reduced to at most one-thirtieth of

that of the starting liquid, and a high-purity cobalt sulfate

agueous solution usable for batteries could be obtained.

(0044 ]

It 1s to be noted that the acidic organic extractant as an
organic phase containing extracted impurities such as manganese
etc. and part of cobalt may be subjected to scrubbing or

back—-extraction by bringing 1t i1nto contact with pure water or

sulfuric acid or the like to separate the impurities from the organic

F

phase, which makes 1t possible to use the organic phase again for

extraction.

[0045]
[Example 2]

F

An aqueous acidic solution of sulfuric acid containing cobalt

and manganese and an acidilic organic extractant were brought into

contact with each other to confirm the extraction rates of

impurities such as manganese etc. 1nto an organic phase. The

e

aqueous acidic solution of sulfuric acid as an agqueous phase was

P

prepared using reagents of metal sulfates to have a composition

shown 1n the following Table 3, and 1its pH was adjusted to a value

in a range between 2.0 and 4.0 with an aqueous sodium hydroxide
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solution to prepare, as starting liquids, five batches of the

—
p—

aqueous acidic solution of sulfuric acid different in pH. On the

L

other hand, the acidic organic extractant used as an organic phase

was prepared 1n the same manner as 1n Example 1 by diluting

di-2—-ethylhexyl phosphate with a diluent to a concentration of 20

vols.
(004 6]
[Table 3]
Aqueous Phase (g/L)
Co Zn Mn Mg Ca Cu
99 0.38 0.39 0.39 0.37 0.006
[0047]

The aqueous phase and the organic phase were placed 1n a 300-mL

P

beaker 1n a volume ratio of 1:1 and stirred with a stirrer while

the temperature of the liguid was maintained at 40°C using a water

bath to perform extraction. The stirring extraction was continued

for 20 minutes, and then the stirring was stopped and the liguid

was allowed to stand to separate 1nto an organic phase and an agueous

phase. Each of the obtained aqueous phase and organic phase was

sampled to analyze i1ons of metals by ICP, and the extractlion rates

— —
p—

of each of the metals at different pHs were determined and shown

in Fig. 1. It i1s to be noted that the extraction rate was determined

#

as a difference between the amount of a material contained 1n the

starting liguild as an aqueous phase and the amount of the material

contalned 1n an agueous phase after extraction treatment calculated

based on the analysis value and liquid amount of the aqueous phase

g -
p—

after extraction treatment, that 1s, as the rate of extraction of

a material from an aqueous phase 1nto an organic phase.

[0048]

As can be seen from Fig. 1, the extraction rate of manganese

significantly 1ncreased as the pH i1ncreased from 2, whereas the

extraction rate of cobalt slightly increased when the pH was around

17
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4 but was suppressed toa low level. Fromthis, 1t has been confirmed

that cobalt and manganese contained 1n the agqueous acidic solution

of sulfuric acid can be efficiently separated from each other by

adjusting the pH to be 1n a range between 2 and 4.

[0049]

[Comparative Example 1]

The distribution of cobalt and manganese was confirmed by the

same experimental method as in Example 2 except that the pHs during

extraction were changed to 1.0, 1.5, 4.5 and 5.0. It 1s to be noted

that as the starting liquids, four batches of an agueous acidic

solution of sulfuric acid having a composition shown in the above

Table 3 were used.

10050]

As a result, when the pHwas 1.0 or 1.5, the extraction rate

of manganese was almost 0%. On the other hand, when the pH was 4.5

or 5.0, at least 15% of cobalt was extracted together with manganese,

F

that 1s, the loss of cobalt was i1ncreased.

[0051]

[Example 3]

An aqueous acidic solution of sulfuric acid containing cobalt

and manganese and an acidic organic extractant were brought into

fr—
o

contact with each other to confirm the extraction rates of

impurlties such as manganese etc. 1nto an organic phase. The

pr—

agueous acidic solution of sulfuric acid as an aqueous phase was

P

prepared using reagents of metal sulfates to have a composition

shown 1n the following Table 4, and 1its pH was adjusted to a value

1n a range between 2.0 and 4.0 uslng an agueous ammonia solution

to prepare, as starting liquids, five batches of the agqueous acidic

F
e

solution of sulfuric acid different 1n pH. On the other hand, the

acldic organic extractant used as an organic phase was prepared

1n the same manner as 1n Example 1 by diluting di-Z2-ethylhexyl

phosphate with a diluent to a concentration of 20 vol%.
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[0052]
| Table 4]
Aqueous Phase (g/L)
Co Zn | Mn Mg Ca Cu
100 0.37 0.40 0.37 0.38 0.44
[0053]

Five 300-mL beakers were prepared, and 100 mL of the agueous

F

F

phase and 100 mL of the organic phase were placed in each of the

P

beakers 1n a volume ratio of 1:1. The temperature of the liguid

in each of the beakers was maintained at 40°C using a water bath,

and at the same time,
liquid while the 1liqg
extraction. At this

solution to be added

an agueous ammonia solution was added to the

uid was stirred with a stirrer to perform

P

time, the amount of the agqueous ammonia

was adjusted so that an aqueous phase after

extraction hadapHof 2.0 to 4.0. The stirring and extraction were

continued for 20 min

utes, and then the stirring was stopped and

the liquid was allowed to stand to separate 1nto an organic phase

and an agueous phase.

The obtalined agqueous phase and organic phase

were sampled to analyze 1ons of metals by ICP and the extraction

— gr—

rates of each of the

shown 1n Fig. 2. It

PP
e —_—
h——

determined as a dif:

P
p—

metals at different pHs were determined and

1s to be noted that the extraction rate was

erence between the amount of a material

contalined 1n the starting liquid as an agueous phase and the amount

F

of the material cont

treatment calculated

of the agueous phase

rate of extraction o
organlc phase.

10054 ]

As can be seen £

solution was used as

ained in an aqueous phase after extraction

based on the analysis value and liguid amount

after extraction treatment, that 1s, as the

gr—

f a material from an agqueous phase into an

rom Figs. 1 and 2, also when an aqueous ammonia

F

a pH adjuster, as 1n the case of using sodium

hydroxide, the extraction rate of manganese significantly increased
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as the pH increased from 2.0, whereas the extraction rate of cobalt

slightly 1ncreased when the pH was around 4.0 but was suppressed

to a low level. From this, 1t has been confirmed that, also when
an aqueous ammonla solution 1s used as a pH adjuster, as in the

case of using sodium hydroxide, cobalt and manganese contained in

the aqueous acidic solution of sulfuric acid can be efficiently

separated fromeach other by adjusting the pH to be 1n a range between

2 and 4.
[0055]

[Example 4]

F

An aqueous acidic solution of sulfuric acid containing cobalt

and manganese and an acidlc organic extractant were brought into
contact with each other to confirm the distribution of impurities

such as manganese etc. to an aqueous phase and an organic phase.

P

The aqueous acidic solution of sulfuric acid as an agqueous phase

was prepared as a starting liquid by using reagents of metal sulfates

to have a composition shown in the following Table 5, and i1ts pH

was adjusted using an aqueous sodium hydroxide solution. The

acldic organic extractant used as an organic phase was prepared

by diluting di-Z2-ethylhexyl phosphate (manufactured by Daihachi
Chemical Industry Co., Ltd under the trade name of “DP-8R”) with

a diluent (manufactured by Nippon 011l Corporation under the trade

name of “Teclean N20”) to a concentration of 20 vols%.
[0056]
[ Table 5]
Starting Liquid (g/L)
Co Mn Ca N Mg Cu
12 0.05 0.049 0.05 0.093 0.049
[0057]

The aqueous acidic solution of sulfuric acid (agueous phase)

and the acidic organic extractant (organic phase) were subjected

to extraction treatment using a four-stage mixer settler for
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countercurrent extraction. More specifically, the agueous phase

(O) and the organic phase (A) were placed 1n a mixer settler having

F

a capaclity of 3 L in a volume ratio of 1 : 1 (O/A = 1), and the

g
—

mixer settler was continuously operated while the temperature of

the liquid was maintained at 40°C using a water bath and pH adjustment

was performed by adding a sodium hydroxide solution or a sulfuric
acld solution to obtaln an aqueous phase and an organic phase.

[0058]

Each of the obtained agueous phase and organic phase was

hp—

sampled to analyze 1lons of metals by ICP, and the extraction rate

—
—

f each of the metals was calculated using the concentrations of

O

the metal 1n the obtained aqueous phase and organic phase. The

relationship between the obtalned extraction rate and pH is shown

1n the following Table 6 and Fig. 3. It 1s to be noted that the

extraction rate was calculated by dividing the amount of an

extracted material by the amount of the material contained in the

starting liquid.

[Table 6

RM“““HHHE Extraction Rate (%)
pH CO Mn Ca Zin Mg Cu
1.9 2.1 85.0 97.5 97 .5 19. 3 22 .1
2.0 4.0 91.5 97 .5 97.5 23.3 27 .7
2.1 4.2 95. 3 97.5 97.5 25.1 38.0
2.2 5.0 95. 3 98.1 97.5 21.6 37.9
2.3 6.8 90.8 99.72 97.5 23.2 01.5
2.4 4.0 96.4 98. 3 97.4 17.4 52.6
2.5 4.3 97.3 98.1 98 .2 19.8 55.8
2.6 4.7 97 .4 97.5 97 .95 32 .3 15.5

[0059]

As can be seen from the above Table 6 and Fig. 3, cobalt and

manganese 1n the aqueous acidilic solution of sulfuric acid could

be efficiently separated as the pH increased from 2, and 1n addition,

P
e

when the pH was at least 2.0, copper was also efficiently extracted
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into the organic phase and therefore efficilently separated from
cobalt.
[0060]

The results of Example 4 shown 1in Fig. 3 are the results o:

[ 1}

continuous test of four-stage countercurrent extraction, and

therefore the degree of purification is improved due to the increase

P

- stages. Therefore, the values themselves of the

P

of the number o:

extraction rate are different from those shown in Fig. 1 as the

results of single-stage extraction in Example 2, but it is found

that all the impurities show the same tendency.

[0061]
[Example 5]

An acidic organic extractant containing cobalt etc. extracted

F

from an agqueous acidic solution of sulfuric acid containing cobalt

and manganese was brought i1nto contact with water to confirm the

F

distribution of i1mpurities such as manganese etc. to an agueous

phase and an organic phase by back-extraction. As the acidic

organilic extractant after extraction used as a starting liquid, the

organlic phase after extraction (organic phases before

back-extraction) obtained in Example 4 and ranging 1n composition

as shown 1n the following Table 7 was used.

[0062]
[ Table 7]
Organic Phase before Back-Extraction (g/L)
Co Mn Ca Zn ‘ Mg Cu
1.0~ 0.047~ 0.049~ 0.043~~ 0.005~~ 0.03~~
3.7 0.14 0.14 0.061 0.018 0.057
[0063]

The organic phase before back-extraction (organic phase) was
subjected to washing treatment (back-extraction treatment) using

a four-stage mixer settler for countercurrent extraction. More

specifically, the aqueous phase (0O) and the organic phase (A) were
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placed 1n a mixer settler having a capacity of 3 L in a volume ratio

of 5: 1 (O/A =5), and the mixer settler was continuously operated

P

while the temperature of

the liquid was maintained at 40°C using

a water bath and pH adjustment was performed by adding a sodium

hydroxide solution or a sulfuric acid solution to obtain an agueous

phase and an organic phase.

(00064 ]

—

Fach of

the obtained aqueous phase and organic phase was

ICP,

ﬁ

sampled to analyze 1ons of and the concentrations

metals by

ﬁ

each of

P

of the metals 1n the obtained aqueous phase and organic

F

phase were used to calculate the recovery rate of

each of cobalt

and 1mpurity components such as manganese etc. into the agueous

The relationship between the obtained recovery rate and pH

It 18 to be noted

phase.

1s shown in the following Table 8 and Fig. 4.

that the recovery rate was calculated as percentage by dividing

F

the amount of a metal 1n a

final ligquid after washing by the total

amount of the metal 1in the organic phase after washing and the final

ligquid after washing.

[0065]

[Table 8]

RM““HxMM‘ Recovery Rate (%)
pH # Co Mn Ca | N Mg Cu
1.9 99.7 9.7 2.1 0.4 — 37.6
2.0 99.1 0.4 0.9 0.0 830.1 28.1
2.1 59.0 3.1 0.9 — 72.0 15.7
2.2 98.5 2.7 0.6 — 62 .3 13.9
2.3 96.4 3.5 — — 63.9 16.8
2.4 94 . 4 3.4 1.0 0.1 58.72 14.8

[0060]

As can be seen from the results shown in Table 8 and Fig. 4,

cobalt slightly extracted i1nto the organic phase together with

impurities such as manganese etc. 1n the process o:

- extraction was

selectively back-extracted into an agueous phase by washing the
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organlc phase with water at a pH of at least 2.1 and efficiently

separated fromthe impurities such as manganese etc., and as a result,

cobalt could be effectively recovered.
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Claims

1. A method for producing a cobalt sulfate agueous

solution froman aqueous acidic solution of sulfuric acid containing

cobalt and manganese, the method comprising mixing the agueous

acldic solution of sulfuric acid containing cobalt and manganese

wlith an acidic organic extractant while adjusting a pH of the agueous

acidic solution of sulfuric acid in a range between 2 and 4 to extract

manganese.

2. The method for producing a cobalt sulfate aqueous

solution according toclaiml, wherein the acidic organic extractant

mainly contains di-Z2-ethylhexyl phosphate.

3. The method for producing a cobalt sulfate aqueous
solution according to claim 2, whereiln the acidic organic extractant
is diluted with a diluent so that a concentration of di-Z2-ethylhexyl

phosphate in the acidic organic extractant 1s 10 to 30 vols%.

4 The method for producing a cobalt sulfate aqgueous

(—

solution according to any one of claims 1 to 3, wherein further

containing copper, the aqueous acidic solution of sulfuric acid

is mixed with an acidic organic extractant while the pH of the

F

agqueous acidic solution of sulfuric acid 1s adjusted to a value

in a range between 2.6 and 4 to extract copper together with

manganese.

D, The method for produciling a cobalt sulfate agueous

F

solution according to any one of claims 1 to 4, whereln after

pr—v

manganese 1s extracted from the agqueous acidic solution of sulfuric

acid containing cobalt and manganese using the acidic organic

extractant, the acidic organic extractant is washed with water while

pH is adjusted to at least 2.1 to recover cobalt extracted into

the acidic organic extractant by back-extraction into an aqueous

phase.
0. The method for producing a cobalt sulfate aqueous

1)

solution according to any one of claims 1 to 5, wherein the pH of
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the aqueous acidic solution of sulfuric acid is adjusted by using

at least one pH adjuster selected from sodium hydroxide, potassium

hydroxide, magnesium oxlde, magnesium hydroxide, and an agueous

ammonia solution.

7. The method for producing a cobalt sulfate agueous

F

solution according to any one of claims 1 to 6, wherein the agueous

F

acidic solution of sulfuric acid has a cobalt concentration of 70

—

to 100 g/L and a manganese concentration of 0.05 to 1.0 g/L.

8 . The method for producing a cobalt sulfate agueous

solution according to any one of claims 1 to 7, wherein the aqueous

acidic solution of sulfuric acid contalning cobalt and manganese

is a sulfuric acid solution obtained by subjecting nickel ore or

a discarded lithium 1on secondary battery to leaching with sulfuric

aclid to obtain a leachate, subjecting a mixed sulfide obtained by

sulfurizing the leachate to leaching with sulfuric acid to acquire

a solution, and separating nickel from the acquired solution by

solvent extraction.

9. The method for producing a cobalt sulfate aqueous

P

solution according to any one of claims 1 to 8, wherein amulti-stage

countercurrent extractilion tank i1s used, the agueous acidic solution

of sulfuric acid containing cobalt and manganese 1s supplied to

a final stage of the extraction tank and the acidic organic

F

extractant 1s supplied to a first stage of the extraction tank,

—

and an alkali 1s supplied to each stage of the extraction tank to

maintain a pH 1n the multi-stage countercurrent extraction tanks

to a value 1n a range between 2 and 4.
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