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A processing device and a processing method for a barren solution are provided,
with which hydrogen sulfide can be efficiently removed from the barren solution.
Inside an aeration tank provided with a vertical-type cylindrical reaction vessel (110),
agitation blades (120) provided inside the reaction vessel (110}, and an annular

[57] | Abstract: aeration tube (130) provided to a bottom part of the reaction vessel (110), said

aeration tube being provided with a plurality of air outlets (131}, while a liquid is
being agitated by rotation of the agitation blades (120), aeration is performed by
supplying an aeration gas into the reaction vessel (110) from the plurality of air

outlets (131) in the aeration tube (130).
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In a treatment method for a barren solution
according to the present embodiment, in a vertical-type
cylindrical reaction vessel 110, aeration is performed
by introducing gas for aeration into the reaction
vessel 110 from a large number of air outlets 131 of
the aeration tube 130, while stirring a barren solution
containing hydrogen sulfide by rotation of stirring
blades 120, and the hydrogen sulfide is removed from
the barren solution.

For example, in a hydrometallurgy plant for a
nickel oxide ore, in a detoxification step as described
above, 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 solution generated in a
sulfurization step are detoxified and discarded. In
this case, in the present embodiment, for example, as
shown in a process chart of FIG. 2, a hydrogen sulfide
removal step is arranged as a preceding step of a
detoxification step, and in the hydrogen sulfide
removal step, hydrogen sulfide is removed from a barren
solution obtained as a process liquid (solution after
sulfurization) after a sulfurization treatment by using
the above-described barren solution treatment device
100.

That is, in a reaction tank for removing hydrogen
sulfide from a barren solution containing hydrogen
sulfide, which is obtained as a process liquid after a
sulfurization treatment in a preceding step of a
detoxification step, an annular aeration tube 130

having a large number of air outlets 131 is arranged,
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and the reaction tank is used as the above-described
barren solution treatment device 100.

Specifically, in the barren solution treatment
device 100 that is the reaction tank, a barren solution
containing hydrogen sulfide, which is obtained as a
process liquid after a sulfurization treatment, is
charged into the vertical-type cylindrical reaction
vessel 110, and in the reaction vessel 110, the barren
solution containing hydrogen sulfide is stirred by
rotation of stirring blades 120. Further, in the
reaction vessel 100, for the barren solution, aeration
is performed by introducing air as gas for aeration
from a large number of air outlets 131 of the annular
aeration tube 130, and the sulfur content of the
remaining hydrogen sulfide in the barren solution is
reduced to sulfur, as a result, the hydrogen sulfide is
removed from the barren solution.

In addition, in a hydrometallurgy plant for a
nickel oxide ore, into a barren solution containing
hydrogen sulfide, which is obtained as a process liquid
after a sulfurization treatment, a slurry after
leaching, which is obtained in a leaching step, is
partly added. Therefore, in the hydrogen sulfide
removal step, by the reducing power of Fe<3+>contained
in the added slurry, the sulfur content of part of the
remaining hydrogen sulfide in the barren solution is
reduced to sulfur, therefore, hydrogen sulfide can more
efficiently be removed from the barren solution.

That is, the barren solution treatment device 100
used for performing a treatment method for a barren
solution according to the present embodiment includes

an aeration tank provided with a vertical-type
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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 the bottom part of the
reaction vessel 110, and in the aeration tank, aeration
is performed by introducing gas for aeration into the
reaction vessel 110 from a large number of air outlets
131 of the aeration tube 130, while stirring a barren
solution containing hydrogen sulfide by rotation of
stirring blades 120, and the hydrogen sulfide is
removed from the barren solution.

As described above, in the barren solution
treatment device 100, not only a barren solution
containing hydrogen sulfide is stirred by rotation of
stirring blades 120 in the reaction vessel, that is, in
the aeration tank, but also gas for aeration is blown
into the reaction vessel. As a result, the remaining
hydrogen sulfide is discharged from the stirred barren
solution by aeration, and the residual concentration of
the hydrogen sulfide is decreased.

Moreover, in the barren solution treatment device
100, aeration is performed via an annular aeration tube
130 having a large number of air outlets 131 and being
arranged to bottom part of the reaction vessel 110, so
that bubbles to flow into the reaction vessel 110 are
allowed to be split into small bubbles, and the total
area of bubbles is tried to be increased. As a result,
an abundance of bubbles can be brought into contact
with the barren solution containing hydrogen sulfide,
which is uniformly stirred in the reaction vessel 110,
and a high aeration effect can be obtained. That is,

the gas for aeration fed into the reaction vessel 110

11
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becomes in the state of being dispersed on the bottom
of the aeration tank from immediately after the
feeding, therefore, the aeration can be efficiently
performed over the entire barren solution.

In general, the set time of the reaction in a
stirring reaction device is usually shorter than the
sufficient aeration time by an ordinary aerator.
However, according to the barren solution treatment
device 100, the retention time in the reaction vessel
100 becomes a prerequisite by the providing of an
aeration function in the reaction vessel 110,
therefore, even if the sufficient aeration time is not
necessarily ensured, the aeration can efficiently be
performed as described above, and the hydrogen sulfide
can effectively be decreased.

As shown in the process chart of FIG. 2, the
barren solution from which hydrogen sulfide has been
removed by a barren solution treatment device 100 is
returned to the solid-liquid separation step, and can
be reused as washing water.

As described above, a hydrogen sulfide removal
step is arranged as a preceding step of a
detoxification step, and in the hydrogen sulfide
removal step, the remaining hydrogen sulfide can
effectively be removed by the aeration using the above-
described barren solution treatment device 100,
therefore, the generation of the hydrogen sulfide gas
in a step in which a solution after sulfurization is
reused, or in a wastewater treatment step can be
suppressed.

The gas for aeration is not particularly limited

as long as the gas for aeration is maintained the

12
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bubbles in a liquid, that is, not being easily

dissolved into a liquid, however, air is preferably
used in view of cost.

Further, the shape of the aeration tube is not
particularly limited, however, is preferably formed in
an annular shape having a diameter size of 70 to 90% of
that of the reaction solution 120.

Herein, as to the shape of aeration tube 130,
results of the observation of the relationship between
the diameter of the aeration tube 130 and the aeration
effect, when the diameter of the aeration tube 130 is
changed based on the diameter of the reaction vessel

110, are shown in Table 1.

Table 1

Diameter of circular pipe 50 {60 | 7080 |90
(proportion of diameter to the tank
diameter) (%)

Aeration effect A A OO ]| O

As is apparent from the observation results shown
in Table 1, it has been found that a high aeration
effect can be obtained by the forming of the aeration
tube 130 in the barren solution treatment device 100 in
an annular shape having a diameter size of 70 to 90% of
that of the reaction vessel 110.

In order to stabilize the flow in the reaction
vessel 110 of the barren solution treatment device 100,
the air is required to be gone up along the vessel
wall. In this respect, the air can efficiently be gone
up along the vessel wall by the forming of the aeration

tube 130 in the barren solution treatment device 100 in

13
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an annular shape having a diameter size of 70 to 90% of
that of the reaction vessel 110.

Further, the air outlet 131 formed to the aeration
tube is not particularly limited, however, is
preferably formed in a circular shape having a diameter
of 10 to 20 mm.

Herein, as to the air outlets 131 formed to an
aeration tube, results of the observation of the
relationship between the bore diameter of the air
outlets 131 and the aeration effect, when the bore
diameter of the air outlets 131 is changed by the
setting of the bore shape as circular, are shown in

Table 2.

Table 2

Blowing bore diameter 5110 {1520 |25

RAeration effect Al OO0 a

As is apparent from the observation results shown
in Table 2, it has been found that a high aeration
effect can be obtained by the forming of the air
outlets 131 of the aeration tube 130 in the barren
solution treatment device 100 in a circular shape
having a diameter of 10 to 20 mm.

It is presumed that there is an optimal bubble
size for the density and flow characteristics of the
barren solution, and it is considered that if the
bubble size is smaller than 10 mm, the rising speed of
bubbles in a barren solution is extremely slow, on the
other hand, if the bubble size is larger than 20 mm,

the rising speed is extremely fast.

14
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Further, the number of the air outlets 131 is not

particularly limited, and is preferably appropriately
determined depending on the length of the circumference
of the aeration tube, however, for example, the number
of the air outlets 131 is preferably around 10 outlets,
and more preferably 20 outlets.

Herein, as to the number of air outlets 131,
results of the observation of the relationship between
the number of the air outlets 131 and the aeration
effect, when the number of the air outlets 131 is

changed, are shown in Table 3.

Table 3

The number of blowing bores 3151020

Beration effect AlAl Ol O

As is apparent from the observation results shown
in Table 3, it has been found that a high aeration
effect can be obtained by the setting of the number of
the air outlets 131 of the aeration tube 130 in the
barren solution treatment device 100 as 10 outlets, and
a much higher aeration effect can be obtained by the
forming of 20 outlets.

In the aeration tube 130, when the number of air
outlets is increased, the upflow of air becomes weak,
and the retention time of the air in an aeration tank
is increased, therefore, the aeration efficiency is
increased. When the number of air outlets 131 is less
than 10, the aeration effect is insufficient, and when
the number of air outlets 131 is increased in series,

the effect is increased, however, when the number is

15
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more than 20, the aeration effect is hardly improved
any more,

In addition, the air outlets 131 are not mere
pores, when a short pipe (outlet) is attached in the
arranged pore, the gas flow is rectified, and the
bubble size is stabilized, therefore, this is
preferred. Further, the number of the outlets is
preferably around 10 to 20.

That is, as to the aeration tube 130, for example,
as shown in FIG. 3, when aeration is performed by
around 10 to 20 short tube pipes 131A that are arranged
at equal intervals as outlets 131, much higher aeration

effect can be obtained.

Examples

Hereinafter, Examples of the present invention
will be described, however, the present invention is
not limited to the following Examples.

In the present Examples, in a hydrogen sulfide
removal step provided as a preceding step of a
detoxification step in a hydrometallurgy plant for a
nickel oxide ore, a barren solution treatment was
performed by using the above-described barren solution
treatment device 100.

Table 4 shows results obtained by the measurement
of the concentration of the dissolved hydrogen sulfide

in a barren solution with or without aeration.

16
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Concentration of
hydrogen sulfide
gas at inlet

Concentration of
hydrogen sulfide
gas at outlet

(ppm) (ppm)
Without aeration 20 15
With aeration 20 5

As is apparent from the measurement results shown

in Table 4, when aeration was not performed, the

concentration of the dissolved hydrogen sulfide was 20

ppm at an inlet of an aeration tank,

outlet of an aeration tank,

and 15 ppm at an

on the other hand when

aeration was performed, the concentration of hydrogen

sulfide at an outlet of an aeration tank was largely

decreased to 5 ppm,

and the dissolved hydrogen sulfide

in a barren solution could effectively be decreased by

aeration. As described above,

it has been found that

when a barren solution is treated by using a barren

solution treatment device 100,

the concentration of the

dissolved hydrogen sulfide in the barren solution could

effectively be decreased by the aeration.

Reference Symbols

100, 200 heavy-metal removal device; 110 reaction

vessel;

outlet;

120 stirring blade;
131A short tube pipe:;

17

130 aeration tube;
151 baffle plate

131 air
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PROCESSING DEVICE AND PROCESSING METHOD FOR HYDROGEN-
SULPHIDE-CONTAINING BARREN SOLUTION

Technical Field

The present invention relates to a treatment
method and a treatment device for a barren solution
containing hydrogen sulfide, such as a process liquid
after a sulfurization treatment of a nickel oxide ore
plant. The present application claims a priority based
on Japanese Patent Application No. 2012-270721 filed §§
December 11, 2012 in Japan, and the Application is ii
incorporated into the present application by

reference.

(&%)

Background Art il

Conventionally, as a hydrometallurgy method for
recovering a valuable metal such as nickel and cobalt
from a nickel oxide ore having a low nickel content
represented by a limonite ore and the like, a high
temperature pressure acid leaching (HPAL: High Pressure
Acid Leaching) method using sulfuric acid has been
known.

For example, in a high pressure acid leach method
to obtain a nickel-cobalt mixed sulfide, as shown in
Fig. 4, 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).

In a pretreatment step (1), a nickel oxide ore is

ground and classified to obtain a slurry.
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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.

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.

In a neutralization step (4), a crude nickel
sulfate aqueous solution obtained in the solid-liquid
separation step (3) 1is neutralized.

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.

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 solution are
obtained. In a detoxification step (7), a heavy metal
is solidified and removed as a hydroxide by a final
neutralization treatment, and a leach residue generated
in the solid~liquid separation step (3) and a nickel
barren solution generated in the sulfurization step (6)
are detoxified.

In general, many kinds of heavy metals are
contained in a nickel oxide ore, the nickel oxide ore

is dissolved by using sulfuric acid under high
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temperature high pressure conditions, and then a

chemical treatment is performed to remove impurities,
subsequently, a required metal such as nickel is
recovered in a sulfurization step. In a sulfurization
reaction, hydrogen sulfide gas, and a salt such as
sodium hydrogensulfide, and sodium sulfide are used,
however, an unreacted sulfide remains after the
sulfurization step.

In a case where hydrogen sulfide gas is used in a
sulfurization reaction, unreacted hydrogen sulfide gas
is dissolved in a solution after the reaction, and also
in a case where a salt such as sodium hydrogensulfide,
and sodium sulfide are used, hydrogen sulfide gas may
be generated depending on the state of the solution.
The solution after sulfurization is reused or subjected
to a wastewater treatment in a step (for example, see
Patent Document 2).

When hydrogen sulfide gas is generated in these
steps, it is not desired from the viewpoint of the
working hygiene and the environment.

Conventionally, as a removal method of dissolved
hydrogen sulfide in a solution (barren solution) after
sulfurization reaction, a method in which a nickel
oxide ore slurry after leaching is added into a barren
solution after sulfurization, a reduction action with
trivalent iron existed in a large amount in the nickel
oxide ore slurry after leaching is utilized, and
hydrogen sulfide is oxidized to sulfur to decrease the
concentration of the dissolved hydrogen sulfide has
been known.

However, in a case where a method described above

is used, the addition of acid and the slurry after
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leaching are repeatedly required, and further,
dissolved hydrogen sulfide still exists in a solution
after reaction, therefore, further decrease of the

dissolved hydrogen sulfide is required.

Prior Art Document

Patent Document

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

Patent Document 2: JP-A No. 2005-350766

Patent Document 3: JP-A No. H08-071585

Patent Document 4: JP-A No. H10-258222

Summary of the Invention

The present invention has been made in
consideration of these circumstances, and an object of
the present invention is to provide a treatment method
and a treatment device for a barren solution, with
which the dissolved hydrogen sulfide gas can
effectively be decreased for example, in a solution
containing hydrogen sulfide gas such as a process
liquid after a sulfurization treatment in a
hydrometallurgy treatment for a nickel oxide ore.

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
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
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vessel, aeration is performed by using a simple

aeration device for blowing gas for aeration from a
large number of air outlets of the annular aeration
tube, while stirring a barren solution containing
hydrogen sulfide in the reaction vessel, and the
hydrogen sulfide is removed from the barren solution.

That is, the present invention characterized by a
treatment method for a barren solution containing
hydrogen sulfide, in which hydrogen sulfide is removed
from the barren solution in a hydrogen sulfide removal
step arranged as a preceding step of a detoxification
step by partly adding a slurry after leaching obtained
in a leaching step into a barren solution containing
hydrogen sulfide obtained as a process liquid after a
sulfurization process in a hydrometallurgy plant for a
nickel oxide ore and introducing gas for aeration into
the reaction vessel from a large number of air outlets
of aeration tube to aerate, while stirring a barren
solution containing hydrogen sulfide by rotation of the
stirring blades, and the hydrogen sulfide is removed
from the barren solution in an aeration 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 the bottom part of the
reaction vessel.

Further, the present invention characterized by a
treatment device for a barren soclution containing
hydrogen sulfide, in which the treatment device
includes an aeration tank provided with a vertical-type
cylindrical reaction vessel, stirring blades arranged

in the reaction vessel, and an annular aeration tube
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having a large number of air outlets and being arranged

to the bottom part of reaction vessel, hydrogen sulfide
is removed from the barren solution in a hydrogen
sulfide removal step arranged as a preceding step of a
detoxification step by partly adding a slurry after
leaching obtained in a leaching step into a barren
solution containing hydrogen sulfide obtained as a
process liquid after a sulfurization process in a
hydrometallurgy plant for a nickel oxide ore and
introducing gas for aeration into the reaction vessel
from a large number of air outlets of the aeration tube
to aerate in the aeration tank, while stirring a barren
solution containing hydrogen sulfide by rotation of the
stirring blades.

In the present invention, the barren solution
obtained by removing the hydrogen sulfide is returned
to a solid-liquid separation step to reuse as washing
water.

In the present invention , the above-described
barren solution can be a process liquid after a
sulfurization treatment in a hydrometallurgy plant for
a nickel oxide ore.

Further, in the present invention, aeration can be
performed by the aeration tube formed in an annular
shape having a diameter size of 70 to 90% of that of
the reaction vessel.

In addition, in the present invention, aeration
can be performed from the air outlets formed in a
circular shape having a diameter of 10 to 20 mm.

Further, in the present invention, aeration with

10 to 20 short tube pipes that are arranged at equal
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intervals in the aeration tube as the air outlets can
be performed.

In addition, in the present invention, the gas for
aeration can be air.

Further, in the present invention, by performing
aeration in the aeration tank, the hydrogen sulfide gas
generated in a step of reusing a solution after
sulfurization, or in a wastewater treatment step can be

decreased.

Advantageous Effects of the Invention

According to the present invention, an annular
aeration tube having a large number of air outlets is
arranged to the bottom part in a vertical-type
cylindrical reaction vessel, aeration is effectively
performed by using a simple aeration device for blowing
gas for aeration from a large number of air outlets of
the annular aeration tube, while stirring a barren
solution containing hydrogen sulfide in the reaction
vessel, and hydrogen sulfide can be efficiently aerated
and removed from a barren solution.

Further, in the present invention, in particular,
a reaction tank with stirring blades, in which a slurry
after leaching is added into a barren solution obtained
from a sulfurization step in a wet treatment plant for
a nickel oxide ore, can be suitably used as an aeration
tank, and the hydrogen sulfide gas generated in a step
of reusing a solution after sulfurization, or in the
subsequent wastewater treatment step can be effectively

decreased.
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Brief Description of the Drawings

FIG. 1 is a perspective view illustrating
essential constitution of a constitution example of a
barren solution treatment device to which the present
invention is applied, by seeing through the
constitution.

FIG. 2 is a process chart of a hydrometallurgy
plant for a nickel oxide ore, in which a barren
solution treatment device is used.

FIG. 3 is a perspective view illustrating
essential constitution of air outlets arranged to an
aeration tube in a barren solution treatment device.

FIG. 4 is a process chart of a nickel oxide ore

plant by a high pressure acid leach method.

Description of the Embodiments
Hereinafter, a specific embodiment to which the
present invention is applied will be described in

detail with reference to the drawings.

A treatment method for a barren solution according

to the present embodiment is, for example, performed by

a barren solution treatment device 100 with the
constitution as illustrated in FIG. 1.

The barren solution treatment device 100 is an

aeration 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 the vertical-type cylindrical reaction
vessel 110, three plates of baffle plates 151 are

arranged.
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The invention claimed is:

1. A treatment method for a barren solution L

containing hydrogen sulfide, wherein o

in an aeration tank provided with a vertical—type?ﬂ

0

cylindrical reaction vessel, stirring blades
arranged in the reaction vessel, and an annular
aeration tube having 10 to 20 air outlets and
being arranged to a bottom part of the reaction
vessel,

hydrogen sulfide is removed from the barren
solution in a hydrogen sulfide removal step
arranged as a preceding step of a detoxification
step by partly adding a slurry after leaching
obtained in a leaching step into a barren
solution containing the hydrogen sulfide
obtained as a process liquid after a
sulfurization process in a hydrometallurgy plant
for a nickel oxide ore and introducing gas for
aeration into the reaction vessel from 10 to 20
air outlets of the aeration tube to perform
aeration while stirring a barren solution
containing hydrogen sulfide by rotation of the

stirring blades.

2. The treatment method for a barren solution
containing hydrogen sulfide according to claim 1,
wherein

the barren solution obtained by removing the

hydrogen sulfide is returned to a solid-liquid

separation step to reuse as washing water.

18
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3. The treatment method for a barren solution
containing hydrogen sulfide according to claim 1,
wherein

aeration is performed by the aeration tube formed

in an annular shape having a diameter size of 70

to 90% of that of the reaction vessel.

4. The treatment method for a barren solution
containing hydrogen sulfide according to claim 3,
wherein

aeration is performed from the air outlets formed

in a circular shape having a diameter of 10 to

20 mm.

5. The treatment method for a barren solution
containing hydrogen sulfide according to claim 4,
wherein

aeration is performed via short tube pipes

arranged at equal intervals in the aeration tube

as the air outlets.

6. The treatment method for a barren solution
containing hydrogen sulfide according to claim 5,
wherein

the gas for aeration is air.

7. A treatment device for a barren solution
containing hydrogen sulfide, comprising:
an aeration tank provided with a vertical-type
cylindrical reaction vessel, stirring blades
arranged in the reaction vessel, and an annular

aeration tube having 10 to 20 air outlets and

19
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in

being arranged to a bottom part of the reaction

vessel, wherein

the aeration tank, hydrogen sulfide is removed
from the barren solution in a hydrogen sulfide
removal step arranged as a preceding step of a
detoxification step by partly adding a slurry
after leaching obtained in a leaching step into
a barren solution containing the hydrogen
sulfide obtained as a process liquid after a
sulfurization process in a hydrometallurgy plant
for a nickel oxide ore and introducing gas for
aeration into the reaction vessel from 10 to 20
air outlets of the aeration tube to perform
aeration, while adding a part of slurry after
leaching obtained in a leaching step to a barren
solution containing the hydrogen sulfide
obtained as a process liquid after sulfurization
process in a hydrometallurgy plant for a nickel
oxide ore and stirring a barren solution
containing hydrogen sulfide by rotation of the

stirring blades,

wherein aeration is performed by the aeration tube

formed in an annular shape having a diameter
size of 70 to 90% of that of the reaction

vessel,

aeration is performed from the air outlets formed

in a circular shape having a diameter of 10 to

20 mm, and

aeration is performed via short tube pipes

arranged at equal intervals in the aeration tube

as the air outlets.

20



8. The treatment device for a barren solution

containing hydrogen sulfide according to claim 7,
wherein
the barren solution obtained by removing the
5 hydrogen sulfide is returned to a solid-liquid

separation step to reuse as washing water.

9. The treatment device for a barren solution
containing hydrogen sulfide according to claim 7,
10 wherein

the gas for aeration is air.

21
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