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ABSTRACT

Provided are a heavy-metal removal method and a heavy-metal removal device,
which are capable of reducing the amount of a neutralizing agent to be used. Ina
neutralization tank provided with a vertical-type cylindrical reaction vessel 110, stirring
blades 120 arranged in the reaction vessel 110, and an annular aeration tube 130 having
a large number of air outlets 131 and being arranged to a bottom part of the reaction
vessel 110, aeration is performed by introducing gas for oxidation from a large number
of air outlets 131 of the aeration tube 130 while stirring an aqueous solution containing
at least one kind of ion of a divalent ferrous ion and a divalent manganese ion as a
heavy metal element by rotation of the stirring blades 120, and the aqueous solution is

subjected to a neutralization treatment.
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HEAVY-METAL REMOVAL METHOD AND HEAVY-METAL REMOVAL DEVICE

Technical Field
[0001]

The present invention relates to a heavy-metal removal method and a
heavy-metal removal device in a final neutralization step of a nickel oxide ore plant.
The present application claims a priority based on Japanese Patent Application No.

2012-270722 filled on December 11, 2012 in Japan.

Background Art
[0002]

Many kinds of heavy metals are contained in a nickel oxide ore, the nickel
oxide ore is dissolved by using sulfuric acid under high temperature and pressure
conditions, and then a chemical treatment is performed to remove impurities,
subsequently, a required metal such as nickel is recovered.

[0003]

In order to discharge a solution after nickel recovery, the heavy metals that
have left in the solution are required to be removed in some way. As a method for
removing a heavy metal from industrial wastewater, there are a coagulation
sedimentation method, an ion exchange method, an adsorption method using an
absorbent such as activated carbon, an electrical adsorption method, and a magnetic
adsorption method, however, a coagulation sedimentation method using a neutralizing
agent is used in many factories as a general method.

[0004]
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Specifically, a method in which pH is increased by the addition of a
neutralizing agent, a heavy metal is solidified as a hydroxide, then the solid and the
liquid are separated by an operation of a filtration treatment and the like, the liquid is
discharged outside the factory, and the solid is treated in a dumping ground is used.
Further, as the neutralizing agent, an inexpensive calcium-based neutralizing agent such
as lime stone and slaked lime is frequently used.

[0005]

In general, it has been known that a heavy metal forms a hydroxide by the
increase of the pH, and can be removed from a solution, however, a heavy metal such as
iron and manganese forms a more stable hydroxide by oxidation. As an oxidation
method of a heavy metal, aeration is an extremely useful method in view of equipment
cost and operation cost.

[0006]

Herein, in a high pressure acid leaching (HPAL) method to obtain a
nickel-cobalt mixed sulfide, as shown in Fig. 3, a pretreatment step (1), a leaching step
(2), a solid-liquid separation step (3), a neutralization step (4), a dezincification step (5),
a sulfurization step (6), and a detoxification step (7) are included (for example, see
Patent Document 1).

[0007]

In the pretreatment step (1), a nickel oxide ore is ground and classified to
obtain a slurry.
[0008]

In a leaching step (2), sulfuric acid is added into the slurry obtained in the
pretreatment step (1), the resultant mixture is stirred at a temperature of 220 to 280°C,

and high temperature pressure acid leaching is performed to obtain a leach slurry.
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[0009]

In a solid-liquid separation step (3), a leach slurry obtained in the leaching step
(2) is subjected to solid-liquid separation to obtain a leachate containing nickel and
cobalt (hereinafter, referred to as “crude nickel sulfate aqueous solution™), and leach
residues.

[0010]

In a neutralization step (4), a crude nickel sulfate aqueous solution obtained in
the solid-liquid separation step (3) is neutralized.
[0011]

In a dezincification step (5), hydrogen sulfide gas is added into the crude nickel
sulfate aqueous solution neutralized in the neutralization step (4), and zinc is
precipitated and removed as a zinc sulfide.

[0012]

In a sulfurization step (6), hydrogen sulfide gas is added into the
dezincification final solution obtained in the dezincification step (5), and a nickel-cobalt
complex sulfide and a nickel barren liquor arc obtained. In a detoxification step (7), a
leach residue generated in the solid-liquid separation step (3) and a nickel barren liquor
generated in the sulfurization step (6) are detoxified.

[0013]

By the above-described high temperature pressure leaching method (HPAL),
for example, a leach slurry after the leaching of nickel from a nickel] laterite ore, and an
effluent (barren liquor) obtained after the recovery of Ni and Co is discarded to a dam,
however, the slurry and the effluent have low pH as they are, therefore, are detoxified in
the above-described detoxification step (7). Specifically, in the detoxification step (7),

as shown in Fig. 4, a barren liquor that is a process liquid discharged from a
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sulfurization step (6) is subjected to a neutralization treatment with lime stone and
slaked lime as a neutralizing agent by using a final neutralization treatment equipment
in which stirring tanks are connected in series in four stages, and is detoxified and
discarded.

[0014]

At this time, in the neutralization treatment equipment, in order to oxidize a
heavy metal ion contained in the process liquid (slurry), gas is discharged into the
treatment tank so as to oxidize the heavy metal ion. Further, the slurry to be charged
has around pH 2, and the slurry is subjected to neutralization by using CaCOj in the
initial stage in which the pH is low, and Ca(OH), in the latter half stage, and the pH is
finally increased to around 9. In addition, in order to precipitate Mg, Mn, and other
trace metals (N1, Co, Fe, Al, and Cr), gas discharge (aeration) is performed to increase
the valency number. Consequently, the metal content is reduced to from around 0.0 n
to 0. ng/L to around 0.001 g/I. (except for Mg).

[0015]

In the detoxification treatment (final neutralization treatment), the required
amount of the neutralizing agent varies depending on the flow rate and acidity of the
process liquid to be subjected to the treatment, or on the concentration of the contained
heavy metals, however, also in any process, it is desired to reduce the amount of a
neutralizing agent to be used from the viewpoint of cost reduction.

Prior Art Documents

Patent Documents

[0016]

Patent Document 1: Japanese Patent Application Laid-Open (JP-A) No. 2011-225908

Patent Document 2: JP-A No. H08-071585
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Patent Document 3: JP-A No. H10-258222

Summary of the Invention
Problems to be Solved by the Invention
[0017]

The present invention has been made in consideration of these circumstances,
and an object of the present invention is to provide a heavy-metal removal method
capable of reducing the amount of a neutralizing agent to be used, and a heavy-metal
removal device used for the method.

[0018]

Another object of the present invention and a specific advantage obtained by
the present invention become more apparent from the explanation of an embodiment
described below.

Means to Solve the Problems
[0019]

In the present invention, an annular aeration tube having a large number of air
outlets is arranged to a bottom part of a vertical-type cylindrical reaction vessel,
aeration is performed by using a simple aeration device for blowing gas for oxidation
from a large number of air outlets of the annular aeration tube, while stirring an aqueous
solution containing a heavy metal ion in the reaction vessel, and a neutralization
treatment in which an aqucous solution containing a heavy metal ion is neutralized with
a neutralizing agent is performed to solidify and remove the heavy metal as a hydroxide.
[0020]

That is, the present invention is a heavy-metal removal method, and

characterized in that in a neutralization tank provided with a vertical-type cylindrical



CA 02894639 2015-06-25

55041-13

reaction vessel, stirring blades arranged in the reaction vessel, and an annular aeration
tube having a large number of air outlets and being arranged to the bottom part of the
reaction vessel, aeration is performed by introducing air as gas for oxidation from a large
number of air outlets of the acration tube while stirﬁng an aqueous solution containing

at least one kind of ion of a divalent ferrous ion and a divalent manganese ion as a

heavy metal element by rotation of the stirring blades, and into the aqueous solution, a
neutralizing agent is added, the resultant mixture is subjected to a neutralization
treatment to remove the heavy metal as a hydroxide.

[0021]

Further, the present invention is a heavy-metal removal device, and
characterized in that the heavy-metal removal device includes a neutralization tank
provided with a vertical-type cylindrical reaction vessel, stirring blades arranged in the
reaction vessel, and an annular acration tube having a large number of air outlets and
being arranged to a bottom part of the reaction vessel, and in the neutralization tank,
aeration is performed by introducing air as gas for oxidation from a large number of air outlets
of the aeration tube while stirring an aqueous solution containing at least one kind of ion
of a divalent ferrous ion and a divalent manganese ion as a heavy metal element by
rotation of the stirring blades, then into the aqueous solution, a neutralizing agent is
added, the resultant mixture is subjected to a neutralization treatment to remove the
heavy metal as a hydroxide.

[0022]

In the present invention, in a final neutralization step in a hydrometallurgy
plant for a nickel oxide ore, a neutralization treatment is performed by the neutralization
tank, and the heavy metal is solidified and removed as a hydroxide.

[0023]
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Further, in the present invention, the gas for oxidation can be air.
[0024]

In addition, in the present invention, the annular aeration tube can have a diameter

size of 60 to 85% of that of the reaction vessel.
[0025]

Further, in the present invention, the outlet can be circular and have a diameter size

of 18 to 22 mm.
[0026]

In addition, in the present invention, the outlet can be arranged at each position in
an angle range of 45 degree to both sides from directly under the annular aeration tube and at

equal intervals.
[0026a]

According to an embodiment, there is provided a heavy-metal removal method,
wherein in a neutralization tank provided with a vertical-type cylindrical reaction vessel,
stirring blades arranged in the reaction vessel, and an annular aeration tube having a large
number of air outlets and being arranged to bottom part of the reaction vessel, aeration is
performed by introducing air as gas for oxidation from a large number of air outlets of the
aeration tube while stirring an aqueous solution containing at least one kind of ion of a
divalent ferrous ion and a divalent manganese ion as a heavy metal element by rotation of the
stirring blades, and a neutralization treatment in which the aqueous solution containing the
heavy metal ion is neutralized with a neutralizing agent is performed to solidify and remove
the heavy metal as a hydroxide, wherein the annular aeration tube has a diameter size of 60 to
85% of that of the reaction vessel, the air outlets are circular and have a diameter size of 18 to
22 mm and,; three air outlets are made to be a set, wherein one outlet is arranged directly under
the annular aeration tube and each of the outlets is arranged at each of both positions at an
angle of 45 degree to both sides from the one outlet arranged directly under the annular

aeration tube and wherein the sets are arranged to the annular aeration tube at equal intervals.
7
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Advantageous Effects of the Invention
[0027]

According to the present invention, an annular aeration tube having a large number
of air outlets is arranged to bottom part of a vertical-type cylindrical reaction vessel, aeration
is performed by using an aeration device for blowing gas for oxidation from the annular
aeration tube to perform a neutralization treatment for an aqueous solution, while stirring an
aqueous solution containing a heavy metal ion in the reaction vessel, as a result, the required
amount of the neutralizing agent to be used for the neutralization of the heavy metals

contained in the aqueous solution is reduced, and the heavy metals can efficiently be removed.
Brief Description of the Drawings
[0028]

Fig. 1 is an external perspective view illustrating constitution of a heavy-metal

7a
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removal device to which the present invention is applied.

Fig. 2 is a process chart of a hydrometallurgy plant for a nickel oxide ore, in
which a heavy-metal removal device is used.

Fig. 3 is a process chart of a nickel oxide ore plant by a high pressure acid
leach method.

Fig. 4 is a diagram illustrating the constitution of final neutralization treatment

equipment in a detoxification step of a nickel oxide ore plant.

Description of the Embodiments
[0029]

Hereinafter, a specific embodiment to which the present invention is applied
will be described in detail with reference to the drawings.
[0030]

A heavy-metal removal method according to the present embodiment is, for
example, performed by a heavy-metal removal device with the constitution as illustrated
in Fig. 1.

[0031]

The heavy-metal removal device 100 is an neutralization tank provided with a
vertical-type cylindrical reaction vessel 110, stirring blades 120 arranged in the reaction
vessel 110, and an annular acration tube 130 having a large number of air outlets 131
and being arranged to bottom part of the reaction vessel 110.  Further, in the
vertical-type cylindrical reaction vessel 110, three plates of baffle plates 151 are
arranged.

[0032]

In a heavy-metal removal method according to the present embodiment, using
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the heavy-metal removal device 100, in a vertical-type cylindrical reaction vessel 110,
aeration is performed by introducing gas for oxidation from a large number of air outlets
131 of the aeration tube 130 while stirring an aqueous solution containing at least one
kind of ion of a divalent ferrous ion and a divalent manganese ion as a heavy metal
element by rotation of the stirring blades 120, and into the aqueous solution, a
neutralizing agent is added, the resultant mixture is subjected to a neutralization
treatment to solidify and remove the heavy metal as a hydroxide.

[0033]

For example, in a hydrometallurgy plant for a nickel oxide ore, as described
above, in a detoxification step, a heavy metal is solidified and removed as a hydroxide
by a final neutralization treatment, and a leach residue generated in a solid-liquid
separation step and a nickel barren liquor generated in a sulfurization step are detoxified
and discarded. At this time, in the present embodiment, for example, as shown in the
process chart of Fig. 2, a neutralization treatment using a heavy-metal removal device is
performed in the final neutralization treatment step, the heavy metal is solidified and
removed as a hydroxide.

[0034]

Specifically, in the final neutralization step, a barren liquor that is a process
liquid discharged in a sulfurization step is charged into a vertical-type cylindrical
reaction vessel 110 of a heavy-metal removal device 100, and a neutralization treatment
is performed.

[0035]

In a barren liquor discharged in a hydrometallurgy plant for a nickel oxide ore,

mainly a pure metal such as iron and manganese is contained. These heavy metals can

be separated from the process liquid as precipitates (neutralized precipitates) of a
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hydroxide by the performing of a neutralization treatment in which pH of the barren
liquor is adjusted.
[0036]

Herein, in the final neutralization step, as the pH required for maintaining the
concentration of a heavy metal in a solution to 1 mg/L or less, as shown in Fig. 1, the
pH for the divalent ferrous ion is 9.0, the pH for trivalent iron is 2.7, the pH for divalent

manganese ion is 10.0, and the pH for trivalent manganese ion is 3.6.

[0037]
[Table 1]
pH Required for decreasing the concentration
of heavy metal to 1 mg/L or less
Divalent ferrous ion 9.0
Trivalent ferrous ion 2.7
Divalent ferromanganese ion 10.0
Trivalent ferromanganese ion 3.6
[0038]

That is, as to the heavy metal ion in a solution, a trivalent heavy metal ion can
be precipitated with a lower pH as compared with the pH used for a divalent heavy
metal ion. The process liquid to be charged into the final neutralization step is
originally a solution on acidic side, therefore, when the pH is adjusted to low pH, the
amount of a neutralizing agent to be used can be reduced.

[0039]

In a final neutralization step in a hydrometallurgy plant for a nickel oxide ore,

10
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conventionally, a reaction tank with stirring blades is used. The reaction tank
generally has a vertical-type cylindrical shape, and in which it is common not to
generate stirring unevenness. At this time, in the present embodiment, further, gas for
oxidation is blown into the reaction tank and a barren liquor is aerated.

[0040]

Specifically, in the present embodiment, in a final neutralization step of a
hydrometallurgy plant for a nickel oxide ore, a heavy-metal removal device 100 in
which an annular aeration tube130 having a large number of air outlets 131 and being
arranged to a bottom part of the vertical-type cylindrical reaction vessel 110 is used.

In addition, aeration by the blowing of gas for oxidation from outlets 131 of the aeration
tube 130 is performed while stirring a process liquid containing a heavy metal ion in the
reaction vessel 110, and the process liquid containing a heavy metal ion is subjected to a
ncutralization treatment. Heavy metals in the process liquid are solidified as
hydroxides, and the solid and the liquid are subjected to gravity separation. The solid
obtained by the gravity separation is discarded into a dumping ground, and on the other
hand, the liquid is returned to the solid-liquid separation step and used as washing water,
or discarded.

[0041]

That is, the heavy-metal removal device 100 used in the heavy-metal removal
method according to the above-described present embodiment includes a neutralization
tank provided with a vertical-type cylindrical reaction vessel 110, stirring blades 120
arranged in the reaction vessel 110, and an annular aeration tube 130 having a large
number of air outlets 131 and being arranged to bottom part of the reaction vessel 110.
Further, in a vertical-type cylindrical reaction vessel 110, that is, in a neutralization tank,

aeration is performed by introducing gas for oxidation from air outlets 131 of the

11
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i

aeration tube 130 while stirring a process liquid in a final neutralization step, that is, an
aqueous solution containing at least one kind of ion of a divalent ferrous ion and a
divalent manganese ion as a heavy metal element by rotation of the stirring blades 120,
and the aqueous solution containing a heavy metal ion is subjected to a neutralization
treatment in which neutralization is performed by a neutralizing agent.

[0042]

As described above, aeration is performed via an annular aeration tube 130
having a large number of air outlets 131 and being arranged to bottom part in the
reaction vessel 110, and bubbles to flow into the reaction vessel 110 are allowed to be
split into small bubbles, and the total area of bubbles can be increased. In addition, an
aqueous solution containing a heavy metal ion is uniformly stirred in the reaction vessel
110, as a result, the abundance of bubbles can be brought into contact with the aqueous
solution, and a high aeration effect can be obtained. That is, the gas for oxidation fed
into the reaction vessel 110 becomes in the state of being dispersed on the bottom of the
neutralization tank from immediately after the feeding, therefore, the oxidation can
efficiently be performed over the entire aqueous solution containing a heavy metal ion.
[0043]

That is, a heavy metal ion in an aqueous solution can efficiently be oxidized
from divalent to trivalent. Further, as described above, since the heavy metal ion can
be oxidized to a trivalent heavy metal ion, a precipitate of a hydroxide can be formed
with a low pH, therefore, the required amount of a neutralizing agent to be used for a
neutralization treatment can effectively be reduced.

[0044]
Herein, the gas for oxidation is not particularly limited as long as being gas that

maintains the bubbles in a liquid, that is, being gas that is not easily dissolved into a

12
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liquid, however, air is preferably used in view of cost.
[0045]

Herein, in order to stabilize the flow in a reaction vessel 110 of a heavy-metal
removal device100, the air is required to be gone up along the vessel wall. In this
respect, the aeration tube 130 in the heavy-metal removal device 100 is preferably
formed in an annular shape having a diameter size of 60 to 85% of that of the reaction
vessel 110.

[0046]

The diameter of the aeration tube 130 for the diameter of the reaction vessel
110 is changed, and the aeration effect is observed.  As a result, when an aeration tube
130 is formed in an annular shape having a diameter size of 60 to 85% of that of the
reaction vessel 110, the degree of dispersion of the gas is increased, and a high acration
effect could be obtained.

[0047]

Further, in a heavy-metal removal device 100, the shape of a large number of
air outlets 131 formed to an aeration tube 130 is circular and has a diameter size of 18 to
22 mm.

[0048]

When the air outlets 131 are formed to be circular, strength reduction of the
aeration tube 130 can be the least as compared with the case where the air outlets are
formed in another shape having the same opening area. Further, when the diameter is
18 mm to 22 mm, an effect of oxidizing a heavy metal ion can be enhanced, therefore,
this is preferred.

[0049]

It is noted that it is considered that there is a bubble size optimal for the density

13
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and flow characteristics of the process liquid to be subjected to a neutralization
treatment, and when the diameter of an air outlet is smaller than 18 mm, the rising speed
of bubbles in a liquid is extremely slow, and it takes a long time. On the other hand,
when the diameter of an air outlet is larger than 22 mm, the rising speed is extremely
fast, and there may be a case where air is not sufficiently brought into contact with the
aqueous solution.

[0050]

In addition, as to the air outlets 131, one outlet is arranged directly under the
annular aeration tube 130, and each of other outlets is arranged at each of both positions
at an angle of 45° to both sides from the one outlet arranged directly under the annular
aeration tube, the total three outlets are made to be a set.  The set is preferably

arranged to the annular aeration tube 130 at equal intervals.

Examples
[0051]

Hereinafter, Examples of the present invention will be described, however, the
present invention is not limited to the following Examples.
[0052]
(Example 1)

In the present Examples, in a final neutralization step in a hydrometallurgy
plant for a nickel oxide ore, a barren liquor that is a process liquid discharged from a
sulfurization step was subjected to a detoxification treatment in which a heavy metal ion
in the solution is removed by using the above-described heavy-metal removal device
100.

[0053]

14
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In the heavy-metal removal device 100, an aeration tube 130 was arranged to
the bottom part at a position where the distance from the center of a cylindrical reaction
vessel 110 is 72% of the diameter of the reaction vessel 110, and 189 outlets of air
outlets 131 having a diameter of 20 mm was arranged to the bottom surface part of the
aeration tube 130. At this time, as to a case where aeration was performed using the
aeration tube 130 and a case where aeration was performed from a conventional simple
blowing tube (three blowing tubes), the results of the hold-up amount of air were

compared with each other. The measurement results are shown in Table 2.

[0054]
[Table 2]
Blowing amount of air Blowing ratio
(kg/hr) (%)
Blowing from short
tube (three tubes) 3519 100
Blowing from aeration

tube 130 2300 65.4

[0059]

As shown in Fig. 2, in a case where aeration was performed using an aeration
tube 130, it has been found that when the flow rate of air blowing is set to around 2300
kg/h, the same effect is obtained by around 65% of aeration as compared with a case
where aeration was performed by a three conventional simple blowing tubes, and
therefore blown gas can effectively be utilized.
[0056]
(Example 2)

Next, in a final neutralization step in a hydrometallurgy plant for a nickel oxide

ore, a barren liquor that is a process liquid discharged from a sulfurization step was

15
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subjected to a neutralization treatment in which a neutralizing agent is added, by using
the same heavy-metal removal device 100 as that used in Example 1, the used amount
of the slaked lime required for the neutralization treatment was compared with thatin a

conventional final neutralization step. The measurement results are shown in Table 3.

[0057]
[Table 3]
Outlet Mn Used amount of slaked
concentration lime
(mg/h) (t/hr)
Neutralization by heavy-metal <1 16.1
removal device 100 )
Neutralization by conventional 1 16.4
method

[0058]

As shown in Fig. 3, by the performing of a neutralization treatment while
performing aeration using a aeration tube 130, the Mn concentration in an outlet of a
reaction tank can be decreased to less than 1 mg/L, and further the used amount of
slaked lime can also be decreased by as much as 0.3 t/hr as compared with the

conventional method.

Reference Symbols
[0059]
100 heavy-metal removal device; 110 reaction vessel; 120 stirring blade; 130 aeration

tube; 131 air outlet; 151 baffle plate

16
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CLAIMS:
1. A heavy-metal removal method, wherein

in a neutralization tank provided with a vertical-type cylindrical reaction vessel,
stirring blades arranged in the reaction vessel, and an annular aeration tube having a large

number of air outlets and being arranged to bottom part of the reaction vessel,

aeration is performed by introducing air as gas for oxidation from a large number of
air outlets of the aeration tube while stirring an aqueous solution containing at least one kind
of ion of a divalent ferrous ion and a divalent manganese ion as a heavy metal element by
rotation of the stirring blades, and a neutralization treatment in which the aqueous solution
containing the heavy metal ion is neutralized with a neutralizing agent is performed to solidify

and remove the heavy metal as a hydroxide, wherein

the annular aeration tube has a diameter size of 60 to 85% of that of the reaction

vessel,
the air outlets are circular and have a diameter size of 18 to 22 mm and;

three air outlets are made to be a set, wherein one outlet is arranged directly under the
annular aeration tube and each of the outlets is arranged at each of both positions at an angle
of 45 degree to both sides from the one outlet arranged directly under the annular aeration

tube and wherein the sets are arranged to the annular aeration tube at equal intervals.
2. The heavy-metal removal method according to Claim 1, wherein

in a final neutralization step in a hydrometallurgy plant for a nickel oxide ore, the
neutralization treatment is performed by the neutralization tank, and the heavy metal is

removed as the hydroxide.

17
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