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the bivalent copper ions to univalent copper ions, and a second step of adding a slurry produced by the first step with a nickel mat
(12) and a chlorine leached residue (13) for solidification of the univalent copper ions in the slurry to form a sulfide.
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ABSTRACT

A copper 1on removing method for a copper containing nickel chloride
solution, where the removal of copper contained in the copper containing nickel
chloride solution can be accomplished efficiently, and an electro-nickel producing
method are provided. The present invention relates to a copper ion removing
method of removing copper 1ons from the copper containing nickel chloride
solution (11”) which has been produced by chlorine leaching of a nickel sulfide (10),
comprising a first step of adding the copper containing nickel chloride solution
(117), Whiéh contains bivalent copper 1ons, with the nickel sulfide (10) for reduction
of, at least, the bivalent copper 1ons to univalent copper 10ns, and a second step of
adding a slurry produced by the first step with a nickel mat (12) and a chlorine
leached residue (13) for solidification of the univalent copper 1ons 1n the slurry to

form a sulfide.
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DESCRIPTION

METHOD OF REMOVING COPPER IONS FROM COPPER CONTAINING
NICKEL CHLORIDE SOLUTION AND METHOD OF PRODUCING
ELECTRO-NICKEL

Field of the Invention

[0001]

The present invention relates to a method of removing copper ions from a
copper containing nickel chloride solution for use in, for example, an electro-nickel
producing process and to a method of producing electro-nickel.

The present application asserts priority rights based on JP Patent

Applications 2010-140506 filed on June 21, 2010 and No. 2010-284956 filed on

December 21, 2010.

Background of the Invention
[0002]

Using a wet process for nonmetals, most of metals including nickel, cobalt,
copper, and so on are purged out by chlorine leaching from a material which 1s
namely a nickel sulfide, a mixture of nickel, cobalt, and other metals, produced by
sulfuric leaching from a low quality laterite ore and a nickel matte prepared by welt
processing.

Then, a resultant solution produced by the chlorine leaching is treated from which
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metallic impurities are removed and subjected to electrolytic sampling for

production of electro-nickel. More particularly, Fig. 7 (prior art) illustrates a

procedure of steps of the electro-nickel producing process using chlorine leaching.
10003 ]
As shown in Fig. 7 (prior art), the electro-nickel producing process cComprises

a chlorine leaching step S101, a cementation step S102, a liquid puritying step S103,

and an electrolysis step S104.

[0004]

In the chlorine leaching step S101, nickel oxide ore, for example, is
subjected to wet process for producing a nickel sulfide 50 which is used as a
material and the material is subjected to oxidation leaching of metallic components
including nickel and copper with the use of a chlorine gas 59 thus for producing a
copper containing nickel chloride solution 51’ as the chlorine leachate 51. The
chlorine leachate 51 (the copper containing nickel chloride solution 51°) produced
in the chlorine leaching step S101 and containing copper is then transferred to the
cementation step S102.  On the other hand, a resultant impurity product of which
the main component is sulfur as remains at solid phase after the chlorine leaching'
step S101 1s released as a chlorine leached residue 52 and recovered as a product of
sulfur.

[0005]

In the cementation step S102, the copper containing nickel chloride solution
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51° produced in the chlorine leaching step S101 is received and treated in which
copper in the copper containing nickel chloride solution 51° 1s solidified and

removed. More specifically, the cementation step S102 mixes the copper

containing nickel chloride solution 51° with a slurry 55 which has been pulped with

a nickel chloride solution 54 produced by grinding and treating a nickel matte 53 with
the use of, for example, dry process and subjected to an action of the electrolysis

stcp S104 which will be described later.  Also, in the cementation step S102, the
chlorine leached residue 52 composed mainly of sulfur produced as a sub-product

in the chlorine leaching step S101 1s added.

[0006]

In the cementation step S102, bivalent copper ions in the copper containing
nickel chloride solution 51 are reduced to univalent copper ions by the reducing
action of nickel metals and nickelous sulfide in the nickel matte 53 and then, the
univalent copper ions are solidified by the action of sulfur in the chlorine leached
residue 52 to produce a copper sulfide so that copper in the copper containing

nickel chloride solution 51° can be removed out.

10007]

In the cementation step S102, the solution after the solidification and
removal of copper contains nickel in the form of bivalent nickel 10ns and 1s then
transferred as a cementation end liquid 56 to the liquid purifying step S103. On

the other hand, a residue at solid phase containing sulfide of copper and non-reacted
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nickel after the solidification is returned back as a cementation residue 57 to the
chlorine leaching step S101.  Also, a non-reacted component of cobalt and copper
in the nickel matte 53 like non-reacted nickel is returned back as the cementation
residue 57 to the chlorine leaching step S101 while the metallic ions are transferred
as the cementation end liquid 56 to the liquid purifying step S103.

[0008]

In the liquid purifying step S103, the cementation end liquid 56 is received
from the cementation step S102 and subjected to its action where impurities
including iron, cobalt, copper, etc., other than nickel, are removed from the
cementation end liquid 56 by a purifying process such as oxidation neutralizing
technique. More particularly, the purifying step S103 includes substantially an

lron removing step, a cobalt removing step, a lead removing step, and a zinc

removing step.

[0009]

In the electrolysis step S104, the nickel chloride solution received through
the purifying step S103 1s subjected to electrolytic sampling for producing an
electro-nickel 58. In the electrolysis step S104, nickel ions in the nickel chloride
solution are deposited as a metal or a product of electro-nickel on the cathode.

Also, on the anode, chlorine 1ons in the nickel chloride solution are turned to a

chlorine gas 59 which is then utilized in the chlorine leaching step S101 or the like.

10010]
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As described, 1t 1s essential for producing an electro-nickel 58 of higher
- quality in the electro-nickel producing process where the copper containing nickel

chloride solution 51° is produced from the material of nickel sulfide 50 by chlorine
leaching and the electro-nickel 58 1s produced from the copper containing nickel
chloride solution 51° that the cementation process tor solidification and removal of
copper in the copper containing nickel chloride solution 51° is conducted at higher
efficiency. A technique related to the cementation process 1s proposed as
disclosed in, for example, Patent Literature 1.
[0011]

Meanwhile, as described previously, copper contained 1n the nickel sulfide
50 1s transferred, in the form of the chlorine leached liquid 51 (the copper
containing nickel chloride solution 51°) produced in the chlorine leaching step S101,
to the cementation step S102 where 1t 1s solidified for removal. The cementation
residue 57 contains a solidified copper and 1s returned back to the chlorine leaching
step S101 where univalent copper ions 1n the solution are converted to bivalent
copper tons by the reaction with the chlorine gas and the oxidizing action of the

bivalent copper 1ons promotes the leaching of nickel. More particularly, between

the chlorine leaching step S101 and the cementation step S102, copper while

remaining at a degree of concentration (commonly 40 g/l to 60 g/1) is circulated.

Accordingly, when the processing amount of the nickel sulfide 50 produced by wet

process, for example, is increased for raising the production of electro-nickel 58, the
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amount of copper circulated in the system of the electro-nickel producing process

will duly increase.
[0012]

In the cementation step S102, as described above, the bivalent copper 1ons
contained in the copper containing nickel chloride solution 51° are reduced to the
univalent copper ions by the action of the nickel matte 53 supplied additionally as the
material and solidified by the action of sulfur in the chlorine leached residue 52.
However, since the nickel metals and the nickelous sulfide mainly forming the
nickel matte 53 give priority to the reduction from the bivalent copper ions to the
univalent copper ions, the univalent copper ions produced from a remaining of
nickel metals are solidified to a form of copper sulfide. Consequently, when the
amount of copper circulated in the system of the electro-nickel producing process 1s
increased, the amount of the nickel matte used for solidifying to the sulfide after the
reduction from the bivalent copper ions to the univalent copper 1ons will relatively
decrease, hence hardly permitting the copper contained in the copper containing
nickel chloride solution 51° to be solidified and removed with certainty and

efficiency.

[0013]

Moreover, when the amount of copper circulated in the process system 1is

increased in response to the increase in the amount of the nickel sulfide 50 to be

processed for raising the production of the electro-nickel 58, the removal ot copper



CA 277%6844 2017-04-25

81633668

7

from the copper containing nickel chloride solution 51” will be declined in

cttectiveness with the amount of the nickel matte 53 remaining unchanged from a

conventional supply. As a result, the amount of the nickel matte has to be increased,

otherwise the removal of copper with certainty and efficiency will be highly
difficult.
[0014]

For compensation, it 1s desired that the cementation process i1s improved for
enabling the removal with certainty.and etficiency of copper from the copper
containing nickel chloride solution 51° when the amount of copper circulated in the
process system 1s increased.

Literature of Prior Art

Patent Literature

[0015]

Patent Literature 1: JP-A-11-080986
Disclosure of the Invention

Object of the Invention

(0016]

The present invention has been developed in view of the above aspects and
its object is to provide a copper ion removing method for a nickel chloride solution

where, in an electro-nickel producing process, for example, the removal of copper

contained in a copper containing nickel chloride solution can be accomplished
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efficiently and effectively and to provide an electro-nickel producing method.
Means for solving the Problems
[0017]

We, the inventors, has studies enthusiastically and repeatedly for
achievement of the foregoing object and resultantly found that the removal of
copper can be accomplished efficiently and effectively by adding the copper
containing nickel chloride solution with a nickel sulfide for reduction of copper and

then adding the same with a nickel matte and a chlorine leached residue for

solidification as completed the present invention.
[0018]

More specifically, the copper 10n removing method for a nickel chloride
solution according to the present invention 1s characterized, in the form of a copper
ion remox;ing method of removing copper 1ons from a copper containing nickel
chloride solution which has been produced by chlorine leaching of a nickel sulfide,
comprising a first step of adding the copper containing nickel chloride solution with
a nickel sulfide for reduction of, at least, bivalent copper ions in the copper

containing nickel chloride solution to univalent copper 1ons, and a second step of

adding a slurry produced by the first step with a nickel matte and a residue produced by

the chlorine leaching for solidification of the univalent copper ions in the slurry to form a

sulfide.

[0010]
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The residue produced by the chlorine leaching is used as a sulfur source and
the solidification of the univalent copper ions to a sulfide is conducted with the use
of the sulfur source. Preferably, the nickel sulfide is produced by a wet process of
nickel oxide ores and contains nickel and cobalt.

10020}

Also, the reactive temperature in the first step is preferably 80 to 110°C and
more preferably 90 to 100°C. The reactive temperature in the second step 1s
preferably 70 to 100°C.

(0021}

The nickel sulfide to be added in the first step is prepared preferably by wet

grinding so that the average particle diameter (D50) is not greater than 80 um and

more preferably by wet grinding to not greater than 20 pm.

10022 ]

The electro-nickel producing method according to the present invention 1s
characterized, in the form of an electro-nickel producing method of producing an
electro-nickel through electrolytic sampling where amounts of copper have been
removed from a copper containing nickel chloride solution produced by chlorine
leaching of a nickel sulfide, comprising a first cementation step of adding the
copper containing nickel chloride solution with a nickel sulfide for reduction of, at

least, bivalent copper ions in the copper containing nickel chloride solution to

univalent copper ions, and a second cementation step of adding a slurry produced
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by the first cementation step with a nickel matte and a residue produced by the

chlorine leaching for solidification of the univalent copper ions in the slurry to form

a sulfide.

Advantage of the Invention

[0023]

According to the present invention, copper ions contained in the copper
containing nickel chloride solution are reduced with the use of a nickel sulfide and
then added with a nickel matte and a chlorine leached residue for solidification of the
copper ions, whereby the removal of copper contained in the copper containing
nickel chloride solution can be accomplished efficiently and effectively.
Brief Description of the Drawings

10024]

Fig. 1 is a step diagram of an electro-nickel producing process with chlorine
leaching to which the copper ion removing method of the embodiment is applied;
Fig. 2 is a graph showing the relation of the concentration of Cu to the

reaction time when the feed of materials in the cementation step is varied,

Fig. 3 is a graph showing profiles of the removal of copper with a change in

the temperature in the first cementation step;

Fig. 4 is a graph showing profiles of the removal of copper with a change in

the temperature in the second cementation step;

Fig. 5 is a graph showing a profile of the concentration of copper in the first
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cementation step and the second cementation step separately;

Fig. 6 is a graph showing the relation of the concentration of copper to the
particle diameter of a nickel (Ni) sulfide to be added in the first cementation step;
and

Fig. 7 is a step diagram of a conventional electro-nickel producing process
with chlorine leaching.

Best Modes for embodying the Invention
[0025]

The copper ion removing method for a nickel chloride solution according to
an embodiment of the present invention will be described in more detail, in the form
of an example of the copper ion removing method for a nickel chloride solution
applied to an electro-nickel producing process, referring to the relevant drawings.
[0026]

The copper ion removing method of the embodiment 1s designed tfor
solidifying and removing, with efficiency and effectiveness, copper 1ons contained
in a copper containing nickel chloride solution which 1s produced by chlorine
leaching of a metal sulfide, such as nickel sulfide, containing copper. More
specifically, the method includes a first step of adding the nickel chloride solution
containing bivalent copper ions' (referred to as a copper containing nickel chloride
solution hereinafter) with a nickel sulfide to reduce at least bivalent copper 10ns to

univalent copper ions and a second step of adding a resultant slurry produced in the
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tirst step with a nickel matte and a chlorine leached residue to solidify the univalent
copper ions contained in the slurry to produce a sulfide.
10027]

Fig. I illustrates a diagram of steps of the electro-nickel producing process
applied to the copper ions removing method of the embodiment. As shown in Fig.
[, the electro-nickel producing process comprises a chlorine leaching step S1 of
subjecting a nickel sulfide 10 as the material to chlorine leaching of a metal such as
nickel for producing a copper containing nickel chloride solution 11 which is a
chlorine leachate, a first cementation step S2 of adding the nickel sulfide 10 to the
copper containing nickel chloride solution 11’ produced in the chlorine leaching
step S2 thus to reduce at least bivalent copper ions to univalent copper ions, a
second cementation step S3 of adding a nickel matte 12 and a chlorine leached
residue 13 to a slurry produced in the first cementation step S2 thus to solidify the
univalent copper 1ons, a liquid purifying step S4 of removing any other impurities
than nickel from a cementation end liquid 14, and an electrolysis step S5 of

subjecting the nickel chloride solution produced in the liquid purifying step S4 to
electrolytic sampling for production of an electro-nickel 15. The steps will then be

described in the order.

[0028]

<Chlorine Leaching Step>

In the chlorine leaching step S1, a metal sulfide containing copper such as in
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the form of a nickel sulfide 10 produced from nickel oxide ores by wet process 1s
used as the material to leach a metal such as nickel with the help of chlorine.

More particularly, using a chlorine gas 18 which has been recovered in the
electrolysis step S5 together with the cementation residue 16 after the second
cementation step S3, described later, the leaching of nickel from the nickel sulfide
10 of a metal sulfide material is conducted to produce the copper containing nickel
chloride solution 11 which is a chlorine leachate 11. The nickel sulfide 10 ot a
metal sulfide material is provided in the form of a slurry which has been re-pulped

with the nickel chloride solution 17 produced in the electrolysis step S35.

10029]

The reactions are executed in the chlorine leaching step S1 as represented by

the following expressions (1) to (3).

CL2Cu" — 2CI'+2Cu*" ..(1)

NiS+2Cu*" — Ni*" +8%+2Cu”  ...(2)

Cu,SH2Cu*" - 4Cu™+8°  ...(3)
[0030]

More particularly, in the chlorine leaching step S1, when the nickel sultide
10 of the material has been received, its metallic component including nickel
sulfide and copper sulfide is leached out by oxidation leaching with the help ot
bivalent copper ions oxidized by the chlorine gas 18 and obtained as the copper

containing nickel chloride solution 11’ of a chlorine leachate 11. The chlorine
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leachate 11 produced in the chlorine leaching step S1 is then transferred to the first
cementation step S2 and the second cementation step S3 where copper is solidified
and removed, which will be described later. Also, the chlorine leaching step Sl
produces the chlorine leached residue 13 which is left at solid phase and contains
mainly sulfur.

[0031]

<First Cementation Step>

In the first cementation step S2, the copper containing nickel chloride
solution 11’ of the chlorine leachate 11 produced in the chlorine leaching step S1 1s
received and added with the nickel sulfide 10 of the material. Thus results
substantially in the reduction of bivalent copper ions in the copper containing nickel
chloride solution 11° to univalent copper 10mns.

[0032]

The nickel sulfide 10 to be added in the first cementation step S2 is provided
in the form of a slurry which has been re-pulped together with the nickel chloride
solution 17 produced in the succeeding step in the electro-nickel producing process.

The nickel sulfide 10 may be a nickel sulfide produced from, for example, a nickel
oxide ores by wet process as is equal to the material used in the chlorine leaching
step S1.

[0033]

In more detail, the reactions are executed in the first cementation step S2 as
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represented by the following expressions (4) and (5).
4NiS+2Cu*" — Ni*"+Ni;S+2Cu”  ...(4)
NiS+2Cu" — Ni*"+Cu,S  ...(5)

[0034]

More specifically, when the copper containing nickel chloride solution 11°
received from the chlorine leaching step S1 has been added with the nickel sultide
10, the reduction of bivalent copper ions in the copper containing nickel chloride
solution 11’ to univalent copper ions (represented by the above expression (4)), 1s
promoted by nickel sulfide (NiS), a main substance in the nickel sulfide 10.  Also,
the substance of NiS acts to solidify the univalent copper ions to copper sulfide
(Cu,S) (See the above expression (5)).

[0035]

However, as the reducing action of NiS, a main substance in the nickel
sulfide 10, is not high, the effect of solidifying the univalent copper 10ns to copper
sulfide remains low. Therefore, in the first cementation step S2, the reduction ot
bivalent copper ions in the copper containing nickel chloride solution 11° to
univalent copper ions (represented by the above expression (4)) 1s mostly proceeded.

A reduced form of the univalent copper ions is then solidified to copper sulfide
with the help of a sulfur source in the second cementation step S3 (as will be

described later 1n more detail).

10036]
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[t is however preferable in the first cementation step S2 that the solhidification
of the univalent copper ions to a sulfide such as copper sulfide as represented by the
expression (5). More preferably, a reduced form of the univalent copper 10ns 18
converted from the bivalent copper ions by the addition of the nickel sulfide 10 and
solidified to a sulfide so that the concentration of copper (calculated in univalent
form) contained in the copper containing nickel chloride solution 11’ 1s not higher
than 30 g/L at the end of the reaction in the first cementation step S2.  When the
concentration of copper in the end liquid after the first cementation step S2 1s 30
g/L, the removal of copper can effectively be carried out by the action of the
succeeding second cementation step S3 until the concentration of copper 1n the
copper containing nickel chloride solution 11° drops down to not higher than 0.1
g/L. The sulfide such as copper sulfide produced in the first cementation step 52
is returned back as a cementation residue 16 from the second cementation step 53 to
the chlorine leaching step S1.

[0037]

Both the copper containing nickel chloride solution 11° used 1n the firs
cementation step'SZ and the chlorine leachate 11 received from the chlorine
leaching step S1 are not limitative but may be selected from any applicable
compositions. For example, a composition may include nickel of 150 to 270 g/L
in the concentration and copper of 20 to 40 g/L in the concentration at a pH scale of

0.5t02.0. Also, the copper containing nickel chloride solution 11’ may be used
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where the copper ions are present with the rate of bivalent ions being 60 to 90 %
and the rate of univalent ions being 10 to 40 %.
[0038]

The nickel sulfide 10 used as a material in the first cementation step S2 may
be produced by wet processing, for example, a low quality nickel oxide ore, as
described above, hence containing nickel and cobalt. Since the nickel sulfide 10
produced by wet process of a nickel oxide ore 1s added as a material to the copper
containing nickel chloride solution 11°, the reducing power of nickel sulfide and
cobalt sulfide contained in the nickel sulfide material enables to efficiently reduce
the bivalent copper ions to the univalent copper 10ns.

[0039]

The concentration of the nickel sulfide 10 to be added as a material may
preferably be 60 to 110 g/L. Whén the concentration at the addition 1s lower than
60 g/L, the reduction of the bivalent copper ions to the univalent copper 1ons will be
conducted insufficiently, thus resulting in the removal of copper with less etticiency.

On the contrary, when the concentration at the addition 1s higher than 110 g/L, the
reduction will be carried out with less effectiveness, hence resulting in the overall

operation with lower efficiency.
[0040]

In addition, the nickel sulfide 10 may preferably be produced by wet

erinding process with the use of, for example, a tower mill or a beads mill. More
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particularly, the wet grinding process may be executed so that the average diameter
(D50) of resultant particles is preferably not greater than 80 um and more
preferably not greater than 10 um. Accordingly, the univalent copper 10ns
contained in the copper containing nickel chloride solution 11° can efficiently be
reduced, thus improving the efficiency of the removal of copper ions. In particular,
when the average diameter (D50) of the resultant particles is not greater than 20 pm
and preferably not greater than 10 pm, the concentration of copper (calculated in
univalent form) in the copper containing nickel chloride solution 11’ is as small as
not higher than 30 g/L and thus, the removal of copper can effectively be carried
out so that the concentration of copper in the copper containing nickel chloride
solution 11° after the second cementation step S3 drops down to not higher than 0.1
o/L. The average diameter (D50) of the resultant particles 1s equivalent to 50 % ot
the accumulated volume measured by a laser particle distribution measuring
technique.
[0041]

For the temperature condition in the first cementation step S2, the
temperature may preferably be 80 to 110°C and more preferably 90 to 95°C.
When the temperature is 80°C or higher, the reduction of copper 10ns in the copper
containing nickel chloride solution 11° can efficiently be carried out and the
removal of copper ions in the second cementation step S3, described later, can be

improved in the efficiency. If the temperature is higher than 110°C, the removal
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of copper can be improved in the efficiency but the cost of the overall facilities due
to the requirement of heat-resistance properties and the cost of the operation due to
the increase in the supply of steam will be increased thus resulting in the operation
at lower efficiency.
[0042]
<Second Cementation Step>

In the second cementation step S3, the slurry containing the copper
containing nickel chloride solution 11’ produced in the first cementation step S2 is
added with the nickel matte 12 and the chlorine leached residuc 13 thus to reduced
the bivalent copper 1ons to the univalent copper ions and solidify the univalent
copper tons to a sulfide such as copper sulfide. The nickel matte 12 is subjected to
grinding and re-pulped to a slurry by the action of the nickel chloride solution 17
produced in the electrolysis step S5 at the later stage, before received and added.
10043]

In more detatil, the reactions is conducted in the second cementation step S3
as represented by the following expressions (6) to (9).
Ni+Cu’" — Ni*' +Cu"  ...(6)

Ni3S,+2Cu*" — Ni*" +2NiS+2Cu”  ...(7)

Ni+2Cu'+S — Ni*' +Cu,S  ...(8)
Ni3S,+2Cu’ +S — Ni*" +2NiS+Cu,S  ...(9)

[0044]
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In the second cementation step S3, as shown in the above expressions (6) and (7),

the bivalent copper ions remaining in the copper containing nickel chloride solution

117 1s reduced to the univalent copper ions by the action of nickel metals (Ni) and

nickelous sulfide (N13S;) which both are contained 1n the nickel matte 12 having been

added. As understood, the remaining of the bivalent copper 10ns not reduced 1n the first

cementation step S2 is reduced by the action of the nickel matte in the second

cementation step S3.

[0045]

Also, 1n the second cementation step s3, the action of solidifying the
univalent copper 10ons reduced in both the first cementation step S2 and the second
cementation step S3 to produce a form of sulfide is conducted using N1 and Ni;S;
contained in the nickel matte 12 together with the chlorine leached residue 13 added
as a sulfur source (as shown 1n the expressions (8) and (9)). Consequently, the
copper contained in the copper containing nickel chloride solution 11° can be

solidified and removed out.

[0046]

The nickel matte 12 to be added in the second cementation step S3 may be a
nickel mat produced by, for example, a dry process and used for reduction of the
bivalent copper i1ons to the univalent copper ions with the reducing power ot nickel

metals and nickelous sulfide which are main components of the mat. On the other

hand, the nickel metals ahd the like in the nicke! matte 12 are leached by the
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oxidizing power of the bivalent copper ions thus to produce nickel ions.
[0047]

Moreover, the chlorine leached residue 13 to be added in the second
cementation step S3 may be a residue left at solid phase as a sub product after the
reaction ot the chlorine leaching step S1 and added as a sulfur source. The
chlorine leached residue 13 is then subjected together with the nickel matte 12 to
solidification of the univalent copper ions for producing a sulfide such as copper
sulfide with the help of sulfur which is a main component of the residue.

[0048]

The copper sulfide after the solidification is removed as the cementation
restdue 16 and returned back to the chlorine leaching step S1.
[0049]

As described, the nickel sulfide containing copper is received as the material
by the chlorine leaching step S1 and after the chlorine leaching step S1, the chlorine
leachate 11 containing copper is subjected to the cementation process. The
cementation restdue 16 containing copper is then returned back to the chlorine

leaching step S1. Accordingly, when the nickel sulfide 10 has been fed

continuously 1nto the chlorine leaching step S1, the amount of copper circulated in

the electro-nickel producing process system is certainly increased.

[0050]

In the cementation step of a conventional electro-nickel producing process,
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the copper containing nickel chloride solution which is a chlorine leachate produced
in the chlorine leaching step is added with the slurry produced by re-pulping the

nickel matte together with the nickel chloride solution and with the chlorine leached
residue as a sulfur source. The cementation step conducts the reduction of the
bivalent copper 1ons in the copper containing nickel chloride to the univalent copper
1ons with the help of nickel metals and nickelous sulfide in the material of the

nickel matte and then the solidification of the univalent copper ions with the help of sulfur in

the chlorine leached residue for production of a copper sulfide.
[0051]

However, in the chlorine leaching step, the univalent copper ions absorbs a
chlorine gas and 1s oxidized to bivalent copper ions of which the oxidizing power is
utilized for leaching of metals from the material while the copper contained in the
solution has to be maintained at a higher than the predetermined rate of the
concentration. In this way, when the amount of the nickel sulfide to be processed
1s increased for raising the production of the electro-nickel, the overall amount of
liquids in both the chlorine leaching step and the cementation step becomes
abundant thus to increase the amount of the copper being circulated in the process

system. Accordingly, with the supply of the nickel matte of which the amount 1s
limited, the action of removing the copper 1ons as copper sulfide in the cementation

step will hardly be carried out with efficiency and effectiveness, hence failing to

respond to the increase of the amount of the nickel sulfide to be processed for
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raising the production of the electro-nickel.
[0052]

For compensation, the electro-nickel producing process of the embodiment
allows, as described above, the copper containing nickel chloride solution 11° to be
added with the nickel sulfide 10 in the first cementation step S2 for reduction of the
bivalent copper 1ons to the univalent copper ions with the action of the nickel
sulfide 10. The resultant produced slurry is then added with the nickel matte 12 and
the chlorine leached residue 13 in the second cementation step S3 for solidification
of the univalent copper 1ons with the help of the chlorine leached residue 13 as a

sulfur source thus to produce a sulfide such as copper sulfide so that the copper can
be removed from the copper containing nickel chloride solution 11°.
10053]

As understood, while its bivalent 1ons are not directly subjected to reduction
and sohdification with the help of nickel metals and nickelous sulfide contained 1n
the nickel matte 12 and the chlorine leached residue 13, the copper in the form of

bivalent 10ns contained in the copper containing nickel chloride solution 11° is first
reduced to a univalent 10n form with the best use of the reducing power of the

nickel sulfide 10 and then 1its univalent ions are solidified to a sulfide form with the

help of the nickel matte 12 and the chlorine leached residue 13. In this way, the

copper circulated 1n the process system can be processed efficiently with the use of

the same amount of the nickel mat as of the conventional process and thus removed
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certainly from the copper containing nickel chloride solution 11’

[0054]

When the copper containing nickel chloride solution 11 is added with the

nickel matte in the first cementation step and with the nickel sulfide in the second
cementation step, the action of the nickel metals and the nickelous sulfide g1ves
priority to the reduction from the bivalent copper 1ons to the univalent copper ions
and then permits the solidification of the univalent copper 10ns to produce a copper
sulfide. Meanwhile, nickel sulfide in the nickel sulfide material has a power of
reducing the bivalent copper ions but is less capable of solidifying the univalent
copper 1018 to a copper sulfide, whereby the removal of copper 1ons in the second
cementation step S3 will hardly be accomplished. Therefore, the process of

removing the copper will not be done with the same efficiency as of the

conventional process.

[0055]

Moreover, when the addition of the nickel sulfide material, the nickel matte,

and the chlorine leached residue is executed at one time in the cementation step, the
action of the nickel metals and the nickelous sulfide in the nickel matte takes priority
while disturbing the reducing power of nickel sulfide in the nickel sulfide material,

whereby the solidification and removal of copper will be accomplished with less

effectiveness.

10056]
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The temperature for the reaction in the second cementation step S3 may
preferably be 70 to 100°C and more preferably 80 to 90°C. When the temperature
of condition is not lower than 70°C, the remaining bivalent copper 1ons can be
reduced to the univalent copper ions hence allowing the solidification of the
univalent copper ions to be proceeded with sulfur at higher efficiency. Even if the
temperature of condition exceeds 100°C, the efficiency of removing the copper
from the copper containing nickel chloride solution 11’ will rarely be improved
more. It is hence preferable in view of the efficiency of the operation that the
temperature 1s not higher than 100°C.

[0057]
<Liquid Purifying Step>

In the liquid purifying step S4, the impurities other than nickel are removed
from the cementation end liquid (the nickel leachate) 14 produced in the second
cementation step S3 and the nickel chloride solution for electrolytic sampling 1s
obtained.

[0058]

The liquid purifying step S4 includes, generally, an iron removing step, a
cobalt removing step, a lead removing step, and a zinc removing step. In those
sub steps, an oxidation neutralizing process with the use of chlorine gas as an
oxidizer and carbonate as an alkali agent may be employed for removing the

impurities from the nickel leachate which is the cementation end liquid 14.  The
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oxidation neutralizing process takes advantage of the property of heavy metals
including cobalt and iron that an oxidized ion form at high degrees of the heavy
metal is easily turned to a hydroxide in a lower range of the pH scale and can thus
be utilized widely, for example, in the liquid purifying step of a wet process or 1n a

system of processing a waste water which contains heavy metals.

10059]

More specifically, the reaction of removing unwanted impurities is carried

out in the liquid purifying step S4 as represented by the following expression (10).

IMZ'+CL,+3NiCO;+3H,0 0 2M(OH);+3Ni*" +2CI'+3C0O, ...(10)
(where M 1s either cobalt or 1ron.)
[0060]

As shown in the above expression (10), the liquid purifying step S4 involves
separating a hydroxide precipitate of target impurities from the nickel leachate with
the use of chlorine gas thus to obtain a nickel chloride solution.

10061}

In general, the oxidizer to be used in the oxidation neutralizing process may
be hypochlorous acid, oxygen, air, or any other appropriate agent than the chlorine
gas. Also, the alkali agent to be used may be hydroxide, such as caustic soda,
ammonium, or any other appropriate agent than carbonate. Although those agents
are favorably used in any combination that conforms to the requirements ot the

process, they are preferably the chlorine gas as the oxidizer and the carbonate as the
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alkali agent in the wet process for nickel. The reason why the chlorine gas 1s used
as the oxidizer is that the chlorine gas is produced as a strong oxidizing agent 1n the
plant and can thus be used with much ease. Also, the reason why the carbonate 1s
used as the alkali agent is that the carbonate enables to control the 10nic
concentration of nickel, sodium, sulfate, and the like and simultaneously, 1ts
reactivity during the oxidization neutralizing action 1s excellent.

[0062]

<Electrolysis Step>

In the electrolysis step S5, the nickel chloride solution purified in the hiquid
purifying step S4 is subjected to electrolytic sampling for producing the
electro-nickel 13.
[0063]

More specifically, the reactions are conducted on both the cathode and the
anode in the electrolysis step S5 as represented by the following expressions (11)
and (12).
(Cathode Side)
Ni*"+2e" > Ni®  ...(11)
(Anode Side)
2CIT — Clhy+2e”  ...(12)
[0064]

More particularly, on the cathode side, nickel ions in the nickel chloride
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solution are deposited as a metal (the electro-nickel 15) as shown in the expression
(11). Also, on the anode side, chlorine ions in the nickel chloride solution are
generated as a chlorine gas 18 as shown in the expression (12). The chlorine gas
I8 generated is used as a recovered chlorine gas, for example, in the chlorine
leaching step S1.

Examples

[0065]

The embodiment of the present invention will be described in more detail in
the form of examples. It is noted that the scope of the present invention is not
limited to any of the examples.

[0066]
<Cementation Step>

The cementation process was carried out with a test apparatus having an
effective capacity of 0.5 L, using the following procedure. More particularly, the
nickel chloride solution was added with a chlorine leach end liquid which contained
35 g/L at concentration of copper as had been produced by chlorine leaching of a

nickel sulfide as the material with the use of a chlorine gas. Then, the cementation

process was carried out at a reaction temperature of 90°C for removal of copper by
the resultant copper containing nickel chloride solution being mixed so that the

nickel sulfide material was 106 g/L, the nickel matte was 32 g/L, and the chlorine leached

leached residue was 10 g/L, as conforming to the following requirements. Table 1
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illustrates the quality level of each added matenal.

10067}

[Table 1]

unit: weight %

| Ni | Co Fe Cu | S

Nickel sulfide material | 58-62 | 4.2-48 | 03-0.7 | 001 | 3337 |

]

e

Nickel matte

I 75-80 | 1.0-15 | 0.3-0.5 Tlo-o.lsi 20-25

Chiorine leach residue | 3-10 | 0520 | 0.1.03 0.01-0.15 |  80-90 l
. | i

[0068]

In this example, the nickel sulfide material, the nickel matte, and the chlorine
leached residue were added each in the three different conditions (patterns) and the
effect of removal of copper was evaluated.

10069
More specifically, the cementation step in Example 1 was carried out In a separate

addition pattern (separately added MS => Ni matte) where the nickel sulfide material (MS)
was first added and then, the nickel matte (Ni matte) and the chlorine leached residue were
added. As Comparative Example 1, the cementation step was carried out in another separate
addition pattern (separately added Ni matte => MS) where the nickel matte was ﬁrst added

and then, the nickel sulfide material and the chlorine leached residue were added. As

Comparative Example 2, the
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cementation step was carried out in a one-time addition pattern (added at once Ni

mat + MS) where the Ni matte, the nickel sulfide material, and the chlorine leached
residue were added at one time.  In both the separate addition patterns of Example

I and Comparative Example 1, the two materials were added separately at an

interval of two hours after the reaction.

[0070]

Fig. 2 1s a graph showing profiles of variation in the concentration of copper
In relation to the cementation reactive time at different material addition patterns.
[0071]

As shown in the graph of Fig. 2, the profile of Example 1, where the nickel
sulfide material was added for the reaction in the first cementation step and then,
the nickel matte and the chlorine leached residue were added in the second
cementation step, represents that the removal of copper from the copper containing
nickel chloride solution was accomplished to a resultant rate of not greater than 0.2

g/L after the reaction time of four hours.

[0072]

On the contrary, in Comparative Example 1 where the nickel matte was first added
for the reaction and then, the nickel sulfide material and the chlorine leached residue were

added and Comparative Example 2 where the nickel matte, the nickel sulfide material, and

the chlorine leached residue were added at one time, the remaining of copper was measured

as much as 20 g/L. after the reaction time of four
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hours.
10073]

[t was found from the foregoing results that, when the nickel sulfide material
was added for the reaction in the first cementation step and then, the nickel matte and
the chlorine leached residue were added in the second cementation step, the copper

contained 1n the copper containing nickel chloride solution was solidified and

removed out with efficiency.

[0074]

<Reactive Temperature in First Cementation Step>

As, under the same conditions as of Example 1 described above, the nickel
sulftde material had been mixed and reacted for two hours in the first cementation
step and then, added with the nickel matte and the chlorine leached residue for
reaction 1n the second cementation step, the effect of the removal of copper in
relation to the reactive temperature in the first cementation step was examined.
More particularly, the effect of the removal of copper was examined when the
reactive temperature in the first cementation step was 70°C, 80°C, 90°C, and

100 °C separately.
[0075]

Fig. 3 1s a graph showing profiles of variation in the concentration (g/L) of

copper (calculated in univalent form) in relation to the reactive time at different

degrees of the reactive temperature.
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[0076]

As apparent from Fig. 3, it was found that, when the reactive temperature in
the first cementation step was not lower than 80°C, the concentration of copper at
the end of the reaction (of two hours) in the first cementation step stayed smaller
than 40 g/L.

[0077]

In particular, when the reactive temperature was 90°C or 100°C, the
concentration of copper at the end of the reaction in the first cementation step
dropped down to 30 g/L or smaller. It was found that, when the reactive
temperature in the first cementation step exceeded 90°C, the removal of copper
from the copper containing nickel chloride solution after the second cementation
step became more efficient.

[0078]

On the other hand, when the reactive temperature in the first cementation
step was 70°C, the concentration of copper at the end of the reaction (of two hours)
in the first cementation step was as great as about 40 g/L and the capability of

removal of copper was declined.
[0079]

It was proved from the foregoing results that, when the reactive temperature
in the first cementation step was in a range of 80 to 100°C and preterably 90 to

100 °C, the effect of the removal of copper became high and the removal of copper
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was conducted with high efficiency.
10080]

<Concentration of Copper in Reaction Start Liquid in Second Cementation Step>

The effect of the removal of copper in relation to the reactive temperature 1n
the second cementation step was examined with the addition of both the nickel matte
and the chlorine leached residue. More specifically, after the execution of the first
cementation step under the same conditions as of Example 1 described above, the
second cementation step was carried out with the reactive temperature set to 80°C,
90°C, and 95°C respectively.

[0081]

F1g. 4 1s a graph showing a profile of variation in the concentration (g/L) of
copper (univalent copper) of the end liquid at the end of the reaction in relation to
the concentration (g/L) of copper of the start liquid at the start of the reaction in the
second cementation step.

[0082]

As apparent from Fig. 4, it was found that the removal of copper was
conducted with high efficiency with the profile for the effect of the removal of
copper extending linearly at either the reactive temperature of 80°C, 90°C, or
95 °C.

[0083]

It was also found from the result of the experiment that, when the
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concentration of copper in the reaction start liquid in the second cementation step,
1.e. the concentration of copper in the reaction end liquid in the first cementation
step, was not greater than 30 g/L {or the univalent copper, the concentration of
copper in the reaction end liquid after the second cementation step dropped down to
0.1 g/L or smaller. More particularly, it was found that, when the concentration of
copper in the copper containing nickel chloride solution in the first cementation step
was declined to not greater than 30 g/L, the concentration of copper after the second
cementation step efficiently dropped down 0.1 g/L or smaller.
10084]
<Change 1n Concentration of Copper through Steps>

Referring to the aspect obtained from the foregoing results, a change in the
concentration of copper 1n both. the first cementation step and the second
cementation step respectively was examined. Using the same manner as of
Example 1, a copper containing nickel chloride solution was produced in the
chlorine leaching step and added with 106 g/L of the nickel sulfide material at a

reactive temperature of 95°C in the first cementation step. Then, the slurry
produced in the first cementation step was added with 32 g/L of the nickel matte and
10 g/L of the chlorine leached residue at a reactive temperature of 80°C in the
second cementation step. When the first cementation step had been conducted for

two hours, the second cementation step started.

[0085]
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Fig. 5 is a graph showing a change in the concentration (g/L) of copper n
relation to the reactive time.
[0086]

As apparent from Fig. 5, it was found that, when the process was carried out
so that the concentration of copper at the end of the reaction in the first cementation
step stayed not greater than 30 g/L, the concentration of copper at the end of the
reaction in the second cementation step dropped down to a very small level ot not
oreater than 0.1 g/L and the removal and solidification of copper was conducted
with higher efficiency.

[0087]
<Particle diameter of Nickel Sulfide Material>

Next, the diameter of particles of the nickel sulfide material to be added in
the first cementation step was examined. More specifically, a copper containing
nickel chloride solution was produced in the chlorine leaching step using the same
manner as of Example 1 and added with a nickel sulfide of which the average
particle diameter (D50%) ranged 1.5 to 40 um 1n the first cementation step. The
concentration of copper (calculated in univalent form) in the reaction end liquid

after the first cementation step was then measured.

[0088]

The measurement was made with 80°C and 90°C of the reactive temperature

respectively in the first cementation step.  Also with 80°C of the reactive
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temperature, the nickel sulfide was added, 63.4 g/L and 106 g/L respectively, to the
copper containing nickel chloride solution for the measurement. With 95°C of the
reactive temperature, 106 g/L of the nickel sulfide was added to the copper
containing nickel chloride solution for the measurement.

[0089]

In the first cementation step, the reaction time was two hours while the
reaction start liquid was used with the concentration of copper being 32 g/L (63 %
of bivalent copper). The nickel sulfide material was ground by a tower mill
(KW-20, a model of Nippon Eirich) and its particle diameter was measured by a
particle distribution micro-track measuring machine (9320-X100 HRA, a model of
Nikkiso).

10090}

Fig. 6 is a graph showing profiles of the concentration (g/L) of copper
(calculated in univalent form) in the reaction end liquid afier the first cementation
step in relation to the average particle diameter (D50) (um) of the nickel sulfide

material.

[0091]

As apparent from Fig. 6, it was found that the concentration of copper n the
reaction end liquid dropped down as the average particle diameter of the nickel

sulfide material became smaller.

10092]
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As understood from the result shown in Fig. 4, it was desired for having not
oreater than 0.1 g/L of the concentration of copper in the reaction end liquid after
the second cementation step to hold the concentration of copper at not greater than
30 g/L in the reaction end liquid after the first cementation step. In this respect, as
shown in Fig. 6, it was proved that, when 106 g/L of the nickel sulfide material had
been added and processed at a reactive temperature of 80°C or higher, particularly
with the average particle diameter (D50%) of the nickel sulfide material being set to
not greater than 40 pm, the concentration of copper in the reaction end liquid
dropped down to not greater than 30 g/L.

[0093]

[t was also proved that, when 63.4 g/L of the nickel sulfide material had been
added and processed at a reactive temperature of 80°C, the average particle
diameter (D50) of the nickel sulfide material was desired to set with not greater
than 20 pm and preferably not greater than 10 um for having not greater than 30 g/L

of the concentration of copper in the reaction end liquid.
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CLAIMS:

1. A copper 1on removing method of removing copper 1ons from a copper
containing nickel chloride solution which has been produced by chlorine leaching a nickel

sulfide, the method comprising:

a first step of adding a nickel sulfide to the copper containing nickel chloride

solution for reduction of, at least, bivalent copper 10ns in the copper containing nickel chloride

solution to univalent copper 1ons; and

a second step of adding a nickel matte and a sulfur-bearing residue produced
by the chlorine lcaching to a slurry produced by the first step to solidity the univalent copper

1ons 1n the slurry as a sulfide.

2. The method of claim 1, wherein the residue produced by the chlorine leaching

1s used as a sulfur source to solidify the univalent copper ions as a sulfide with the sultur

SOUrcCe.

3. The method of claim 1 or 2, wherein the nickel sulfide is produced by a wet

smelting of nickel oxide ores and contains nickel and cobalt.

4. The method of any one of claims | to 3, wherein the first step 1s performed at

the temperature ranging from 80 to 110°C.

5. The method of any one of claims 1 to 4, wherein the nickel sulfide to be added
in the first step is prepared by wet grinding so that the median particle diameter (D50) 1s not

greater than 80 pum.

6. The method for a copper containing nickel chloride solution according to any

one of claims 1 to 5, wherein the concentration of copper in the copper containing nickel

chloride solution after the reaction in the first step is not greater than 30 g/L in univalent ion

form.
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7. he method of claim 6,wherein the reactive temperature in the first step is

performed at the temperature ranging from 90 to 100°C.

8. The method of claim 6 or 7, wherein the nickel sulfide to be added in the first
step 1s prepared by wet grinding so that the median particle diameter (D50) is not greater than

20 um.

9. The method of any one of claims 1 to 8, wherein the reactive temperature in

the second step 1s performed al the temperature ranging from 70 to 100 °C.

10. An electro-nickel producing method of producing an electro-nickel through
clectrowinning where amounts of copper have been removed from a copper containing nickel

chloride solution produced by chlorine leaching a nickel sulfide, the method comprising:

a first cementation step of adding a nickel sulfide to the copper containing
nickel chloride solution for reduction of, at least, bivalent copper 1ons in the copper containing

nickel chloride solution to univalent copper 1ons; and

a second cementation step of adding a nickel matte and a sulfur-bearing residue
produced by the chlorine leaching to a slurry produced by the first cementation step for

solidification of the univalent copper 10ns 1n the slurry to form a sulfide.
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