I *I Innovation, Sciences et Innovation, Science and CA 3211556 C 2024/05/14
Développement économique Canada Economic Development Canada

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 21 1 556

(12 BREVET CANADIEN

CANADIAN PATENT

13 C

(86) Date de dépot PCT/PCT Filing Date: 2023/03/31

(87) Date publication PCT/PCT Publication Date: 2023/11/14
(45) Date de délivrance/lssue Date: 2024/05/14

(85) Entrée phase nationale/National Entry: 2023/09/08

(86) N° demande PCT/PCT Application No.: KR 2023/004406
(30) Priorité/Priority: 2023/01/11 (KR10-2023-0004092)

(51) CLInt./Int.Cl. C22B 3/08 (2006.01),
C22B 3/44 (2006.01), C22B 7/00 (2006.01),
HO1M 10/54 (2006.01), C22B 23/00 (2006.01)

(72) Inventeurs/Inventors:
JOO, JAE HOON, KR;
CHOI, HEON SIK, KR;
LEE, TAE KYUNG, KR

(73) Propriétaires/Owners:
KEMCO, KR;
KOREA ZINC CO., LTD., KR

(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : METHODE DE PRODUCTION D'UNE SOLUTION DE SULFATE DE NICKEL POUR UNE BATTERIE SECONDAIRE A

PARTIR D'UNE CATHODE DE NICKEL

(54) Title: METHOD FOR PRODUCING NICKEL SULFATE SOLUTION FOR SECONDARY BATTERY FROM NICKEL CATHODE

Sulfuric acid
solution ]
— Nitrogen gas andfor
Ni Cathode oxygen gas
y
Leaching step ~—S100
Ni Powder
“““ 0
L 4
Neutralization step  [~—8200
Filtration step M» Purification step
)
Cake $300

(57) Abrégé/Abstract:

A method for producing a nickel sulfate solution includes a leaching step of leaching a nickel cathode in sulfuric acid under a
temperature of 170 degrees C to 200 degrees C and a pressure of 8.5 bar to 16 bar to produce a leachate, a neutralization step of
neutralizing the leachate produced in the leaching step to produce a neutralized solution, and a filtration step of filtering the
neutralized solution produced in the neutralization step to produce a filtrate, wherein a nickel concentration in the neutralized

solution after the neutralization step is 120 to 140 g/L.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




ABSTRACT

A method for producing a nickel sulfate solution includes a leaching step of leaching a
nickel cathode in sulfuric acid under a temperature of 170 degrees C to 200 degrees C and a
pressure of 8.5 bar to 16 bar to produce a leachate, a neutralization step of neutralizing the
leachate produced in the leaching step to produce a neutralized solution, and a filtration step
of filtering the neutralized solution produced in the neutralization step to produce a filtrate,
wherein a nickel concentration in the neutralized solution after the neutralization step is 120

to 140 g/L.
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METHOD FOR PRODUCING NICKEL SULFATE SOLUTION FOR SECONDARY
BATTERY FROM NICKEL CATHODE

TECHNICAL FIELD

[0001] The present invention relates to a method for producing a nickel sulfate solution for a

secondary battery from a nickel cathode.

BACKGROUND
[0002] Demand for secondary batteries is increasing as the IT industry and the markets for
electric vehicles and energy storage system (ESS) are expanded. Accordingly, demand for
nickel sulfate, which is used as a raw material for a cathode material of a secondary battery, is
also increasing.
[0003] Conventionally, a nickel sulfate solution has been produced through a leaching process
and an impurity purification process using a raw material such as a nickel concentrate, a mixed
hydroxide precipitate (MHP) cake containing nickel, or the like. However, when a nickel
sulfate solution is produced by leaching a raw material containing nickel in such a method that
oxygen gas or ozone is added as an oxidizing agent under an atmospheric pressure condition,

there is a problem in that the leaching efficiency is lowered.

SUMMARY
[0004] Tt is an object of the present invention to provide a method for producing a nickel sulfate
solution, which is capable of enhancing the leaching efficiency while adding sulfuric acid and
oxygen gas and/or nitrogen gas.
[0005] According to one embodiment of the present invention, there is provided a method for
producing a nickel sulfate solution, including: a leaching step of leaching a nickel cathode in

sulfuric acid under a high temperature and a high pressure to produce a leachate; a neutralization
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step of neutralizing the leachate produced in the leaching step to produce a neutralized solution;
and a filtration step of filtering the neutralized solution produced in the neutralization step to
produce a filtrate.

[0006] According to one embodiment of the present invention, oxygen gas may be added in the
leaching step.

[0007] According to one embodiment of the present invention, nitrogen gas may be added in the
leaching step.

[0008] According to one embodiment of the present invention, the leaching step may be carried
out at 170 to 200 degrees C.

[0009] According to one embodiment of the present invention, nickel powder may be added in
the neutralization step.

[0010] According to one embodiment of the present invention, a nickel concentration in the
neutralized solution after the neutralization step may be 120 to 140 g/L.

[0011] According to the present invention, it is possible to provide a method for producing a
nickel sulfate solution, which is capable of enhancing leaching efficiency by adding oxygen gas
and/or nitrogen gas under a high temperature and a high pressure.

[0012] According to the present invention, it is possible to provide a method for producing a
nickel sulfate solution, which is capable of producing a nickel sulfate solution in a safer and

more cfficient method by adding nitrogen gas under a high temperature and a high pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a flowchart showing a process for producing a nickel sulfate solution for a
secondary battery from a nickel cathode.
[0014] FIG. 2 is a graph showing the Ni dissolution rates in Examples and Comparative

Examples after a leaching step.
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DETAILED DESCRIPTION

[0015] Embodiments of the present disclosure are illustrated for describing the technical spirit of
the present disclosure. The scope of the claims according to the present disclosure is not
limited to the embodiments described below or to the detailed descriptions of these
embodiments.

[0016] According to an embodiment of the present invention, a method for producing a nickel
sulfate solution for a secondary battery from a nickel cathode includes a leaching step of adding
water, sulfuric acid (H2SO4), oxygen (O2) gas and/or nitrogen (N2) gas to a nickel cathode under
a high temperature and a high pressure.

[0017] The method for producing a nickel sulfate solution for a secondary battery from a nickel
cathode according to the present invention includes a neutralization step of adding nickel powder
to a leachate.

[0018] The method for producing a nickel sulfate solution for a secondary battery from a nickel
cathode according to the present invention includes a filtration step of filtering a neutralized
solution and separating the neutralized solution into a filtrate and a cake.

[0019] Hereinafter, the method according to the present invention will be described in detail with
reference to FIG. 1.

[0020] Leaching Step (S100)

[0021] The leaching step (S100) may include a step of cutting a nickel cathode into an
appropriate leaching size, a step of putting the cut nickel cathode into an autoclave in an amount
of about 2 equivalents of a target nickel concentration, and a step of performing a reaction under
a condition of adding about 1 equivalent of sulfuric acid, oxygen gas and/or nitrogen gas at a
temperature of 170 degrees C to 200 degrees C and a pressure of 8.5 bar to 16 bar for 5 to 24
hours. The nickel cathode may be cut into, for example, a size of 2 to 10 cm.  As used herein,
the term "target nickel concentration” may be a nickel concentration in the neutralized solution

after the neutralization step (S200) described later. Such a target nickel concentration may be
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set to an appropriate value in consideration of the solubility and temperature-dependent
crystallization of nickel. If the nickel concentration after the neutralization step is less than 120
g/L, the efficiency in the subsequent crystallization step is lowered. If the nickel concentration
after the neutralization step is larger than 140 g/L, nickel may be crystallized in the neutralization
step when the temperature decreases. This may cause a loss of nickel during filtration.
Preferably, the target nickel concentration may be 120 to 140 g/L. If the reaction in the
leaching step (S100) is performed at a temperature of less than 170 degrees C, the solubility of
nickel is low, thereby lowering the efficiency. If the temperature exceeds 200 degrees C, there
is no significant increase in the dissolution rate. Therefore, preferably, the leaching step (S100)
may be performed at a temperature of 170 degrees C to 200 degrees C.

[0022] In one embodiment of the present invention, if the target nickel concentration is 120 g/L,
the nickel cathode may be cut into a size of 2 to 10 cm and added in an amount of 2 equivalents
(240 g/L), and 1 equivalent (200 g/L) of sulfuric acid may be added. Thereafter, the leaching
step (S100) may be performed by adding oxygen gas at a temperature of 170 degrees C to 180
degrees C or by adding nitrogen gas at a temperature of 180 degrees C to 200 degrees C.

[0023] When oxygen gas is added, a reaction may occur in which the added nickel reacts with
sulfuric acid to become nickel sulfate, and hydrogen ions react with oxygen gas to produce
water. At this time, a reaction in which a hydrogen gas is generated may also occur
simultancously. When oxygen gas is added, oxygen gas acts as an oxidizing agent to make the
nickel leaching efficiency higher than when nitrogen gas is added. Reaction formulae in the
case of adding oxygen gas are represented as follows.

[0024] Ni + H2SO4 + %202 — NiSO4 + H20 ... (1)

[0025] Ni + HxSO4 — NiSO4 + Hz ... (2)

[0026] When nitrogen gas is added, a reaction may occur in which the added nickel reacts with
sulfuric acid to become nickel sulfate and generate a hydrogen gas. In this case, since nitrogen

gas is an inert gas having a very low reactivity, the hydrogen gas can be removed by discharging
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nitrogen gas together with the hydrogen gas. Therefore, when nitrogen gas is added, safety can
be achieved as compared with the case where oxygen gas is added. The reaction formula in the
case of adding nitrogen gas is the same as the above reaction formula (2).

[0027] Oxygen gas and nitrogen gas may be added in the leaching step (S100) together. Nitrogen
gas may reduce the partial pressure of the hydrogen gas generated when oxygen gas is added,
which makes it possible to perform a safer work.

[0028] In order to accelerate the leaching of nickel, a stirrer may be installed in the autoclave to
dissolve the nickel cathode while stirring.

[0029] Neutralization Step (S200)

[0030] The neutralization step (S200) is a step of neutralizing the leachate to a target pH range
by adding nickel powder to the leachate when the leaching reaction has proceeded in the
autoclave.

[0031] Thereafter, in order to concentrate the nickel sulfate solution by evaporation, it is
necessary to lower the acidity. Since nickel is no longer leached into the solution when the pH
range is 6 to 7 or more, the preferred pH range may be 5.0 to 7.0.  Preferably, the solution may
be neutralized to pH 6 through the neutralization step (S200). The neutralization reaction
formula is the same as the above reaction formula (2).

[0032] Since the purpose of the neutralization step (S200) is to neutralize the acidity of sulfuric
acid present in the leachate, an appropriate amount of nickel powder that can efficiently achieve
the preferred pH may be added. In the neutralization step (S200), for example, 1.5 to 3
equivalents of nickel powder may be added. Preferably, 2 equivalents of nickel powder (e.g.,
12 g/L of nickel powder if the final acidity of the leachate is 10 g/L) may be added. 1In the case
of using nickel powder, the neutralization reaction occurs well due to high reactivity.

Therefore, it is preferable to use nickel powder. However, the neutralizing agent is not limited
to the nickel powder as long as it can achieve the purpose of neutralization.

[0033] In the leachate, when oxygen gas is added at 180 degrees C, the final acidity may be
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about 8 g/L, and when nitrogen gas is added at 180 degrees C, the final acidity may be about 50
g/L.. In addition, when nitrogen gas is added at 200 degrees C, the final acidity may be about
38 g/L. The addition of nitrogen gas makes the final acidity higher than the addition of oxygen
gas. Therefore, a larger amount of nickel powder may be required to neutralize sulfuric acid.
However, as for the risk of explosion of a hydrogen gas, the addition of nitrogen gas may be a
safer method than the addition of oxygen gas.

[0034] Filtration Step (S300)

[0035] Since the metallic nickel not dissolved in the leaching step (S100) and the neutralization
step (S200) remains in the neutralized solution as a solid component, the neutralized solution is
transferred to and filtered by a filtration device. The nickel sulfate solution as a filtrate is sent
to a purification step, and the cake is put into the neutralization step again. Nickel sulfate in the
filtrate is crystallized through the purification step.

[0036] Example 1

[0037] In this example, a nickel sulfate solution was produced by leaching a nickel cathode in
sulfuric acid. 2 equivalents of nickel cathode, 1 equivalent of sulfuric acid, and oxygen gas
were added based on the target nickel (Ni) concentration of 120 g/L.. A reaction was carried out
at 170 degrees C (8.5 bar) and 180 degrees C (10.5 bar) for 24 hours. The dissolution rates
according to the reaction time are shown in Table 1 below.

[0038] In the neutralization step (S200), 2 equivalents of Ni powder are added to make a
solution of 120 g/L of Ni at a temperature of 90 degrees C and a pH of 6.0.

[0039] The neutralized solution was filtered, the filtered nickel sulfate solution was sent to the
purification step, and the cake was put into the neutralization step (S200) again.

[0040] [Table 1]

Reaction time (hr) 0 3 10 15 20 24
170 Ni dissolution rate (%) 0 37 55 74 80 80
degrees C Acidity (g/L) 200 127 91 53 41 40




180 Ni dissolution rate (%) 0 52 79 89 95 96

degrees C Acidity (g/L) 200 97 42 23 10 8

[0041] Example 2
[0042] 2 equivalents of nickel cathode, 1 equivalent of sulfuric acid, and nitrogen gas rather

than oxygen gas were added. A reaction was carried out at 180 degrees C (10.5 bar) and
200 degrees C (16 bar) for 24 hours. The dissolution rates according to the reaction time are
shown in Table 2 below.

[0043] The neutralization step (S200) and the filtration step (S300) are the same as those of

Example 1.
[0044] [Table 2]
Reaction time (hr) 0 3 10 15 20 24
180 Ni dissolution rate (%) 0 38 61 69 75 75
degrees C Acidity (g/L) 200 125 79 63 51 50
200 Ni dissolution rate (%) 0 57 79 80 81 81
degrees C Acidity (g/L) 200 87 42 40 39 38

[0045] Comparative Example 1

[0046] 2 equivalents of nickel cathode, 1 equivalent of sulfuric acid, and oxygen gas were
added. A reaction was carried out at 95 degrees C (and atmospheric pressure) for 24 hours.
The dissolution rates according to the reaction time are shown in Table 3 below.

[0047] The neutralization step and filtration step are the same as those of Example 1.

[0048] Comparative Example 2

[0049] 2 equivalents of nickel cathode, 1 equivalent of sulfuric acid, and ozone were added.
[0050] A reaction was carried out at 95 degrees C (and atmospheric pressure) for 24 hours.
The dissolution rates according to the reaction time are shown in Table 3 below.

[0051] The neutralization step and filtration step are the same as those of Example 1.

[0052] [Table 3]
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Reaction time (hr) 0 3 10 15 20 24
Comparative | Ni dissolution rate (%) 0 1 2 2 2 2
example 1 Acidity (g/L) 200 198 197 196 196 196
Comparative | Ni dissolution rate (%) 0 2 6 10 16 17
example 2 Acidity (g/L) 200 197 189 180 169 167

[0053] It can be seen that the Ni dissolution rates are very low in Comparative Example 1 in
which oxygen gas was added at the atmospheric pressure and Comparative Example 2 in which
ozone was added at the atmospheric pressure. On the other hand, the dissolution rates are very
high in Examples 1 and 2 as compared with the Comparative Examples.

[0054] FIG. 2 is a graph showing the Ni dissolution rates in the Examples and the Comparative
Examples after the leaching step. The dissolution rates in the Examples and the Comparative
Examples can be compared.

[0055] That is, in Examples 1 and 2, nickel sulfate solutions can be efficiently produced by
adding oxygen gas or nitrogen gas under a high temperature and a high pressure.

[0056] It should be understood that the embodiments described above are illustrative in all
respects and not limitative. The scope of the present invention is defined by the claims rather
than the detailed description.  All changes or modifications derived from the meaning and scope
of the claims and equivalent concepts thereof should be construed as being included in the scope

of the present invention.



WHAT IS CLAIMED IS:

1. A method for producing a nickel sulfate solution, comprising:

a leaching step of leaching a nickel cathode in sulfuric acid under a temperature of
170 degrees C to 200 degrees C and a pressure of 8.5 bar to 16 bar to produce a leachate;

aneutralization step of neutralizing the leachate produced in the leaching step to
produce a neutralized solution; and

a filtration step of filtering the neutralized solution produced in the neutralization
step to produce a filtrate,

wherein a nickel concentration in the neutralized solution after the neutralization step

is 120 to 140 g/L.

2. The method of Claim 1, wherein oxygen gas is added in the leaching step.

3. The method of Claim 1 or 2, wherein nitrogen gas is added in the leaching
step.

4, The method of Claim 1 or 2, wherein nickel powder is added in the

neutralization step.
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