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The present invention such that, with H1 being the the height from a slurry outlet 4
to a control liquid level S, H2 being the height from the control liquid level S to the
stop of a flash vessel 10, and D being the diameter of the flash vessel 10, 0.35D =
H1 = 0.45D, and 0.75D = H2 = 0.85D, and at least one liquid level sensor 21 detects
a slurry liquid surface 8 at a control liquid level S; when the liquid level sensor 21

[57] | Abstract: detects a slurry liquid surface 8 which has risen, a slurry discharge valve 16 installed

on a slurry discharge pipe 14 derived from the flash vessel 10 is opened; and when
the liquid level sensor 21 detects a slurry liquid surface 8 which has fallen, the
slurry discharge valve 16 is closed, whereby opening and closing of the valve is
appropriately controlled thereby to reduce troubles with a steam discharge pipe, the
slurry discharge pipe, and the slurry discharge valve.
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one sensor which detects the level of a liquid refrigerant

in a flash vessel used for the system, but the technique
is used for a float type sensor, a supersonic sensor, or
the like as a sensor, and accordingly is applicable only
when a liquid surface is flat, and hence the technique is

hard to apply to solve the above-mentioned problems.

Prior-Art Documents
Patent Document

PTL 1: Japanese Patent Application Laid-Open No.
2010-059489

PTL 2: Japanese Patent Application Laid-Open No.
H10-080700

PTL 3: Japanese Translation of PCT International
Application Publication No. 2009-524797

Summary of the Invention

In view of the above-mentioned problems in the prior
arts, the present invention aims to provide a method for
operating a flash vessel, the method being such that, in
a high-pressure acid leaching process wherein a raw material
slurryis leachedbyusinganautoclave under high temperature
and high pressure and then the temperature and pressure
of a leached slurry is reduced to normal temperature and
pressure by using the flash vessel, a predetermined upper
limit and a predetermined lower limit of the liquid level
of the slurry in the flash vessel are determined by a relation
between the height of a slurry outlet and the diameter of
a flash vessel main body and a relation between the height
and the diameter of the flash vessel main body, whereby
openingandclosingvalveissufficientlycontrolled, thereby
allowing troubles of a steam discharge pipe, a slurry

discharge pipe, and a slurry discharge valve to be reduced.
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Other objects of the present invention and specific
advantages achieved by the present invention will become
further apparent fromthedescriptionof exampleshereinafter.

In order to achieve the above-mentioned objects, the
inventors earnestly have studied control of the liquid level
of a flash vessel in a high-pressure acid leaching process
wherein a rawmaterial slurry is leached by using an autoclave
under high temperature and high pressure and then the
temperature and pressure of a leached slurry is reduced
tonormal temperature and pressure by using the flash vessel.
As a result, the inventors found that, when a predetermined
control liquid level of the slurry in the flash vessel was
determined by a relation between the height from a slurry
outlet to a control liquid level and the diameter of the
flash vessel and a relation between the height from the
control liquid level to the top of the flash vessel and
thediameterof the flashvessel, troublesof a steamdischarge
pipe, a slurry discharge pipe, and a slurry discharge valve
was able to be reduced, and thus the present invention was
accomplished.

In other words, the present invention provides a method
for operating a flash vessel in a high-pressure acid leaching
process, the high-pressure acid leaching process being such
that a raw material slurry is leached using an autoclave
under high temperature and high pressure and then the
temperature and pressure of a leached slurry is reduced
to normal temperature and pressure using the flash vessel,
wherein, with Hl being the height from a slurry outlet to
a control liquid level, H2 being the height from the control
liquid level to the top of the flash vessel, and D being
the diameter of the flash vessel,

0.35D £ H1 £ 0.45D,

0.75D £ H2 £ 0.85D,
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and at least one liquid level sensor installed at the
equivalent level to the above-mentioned control liquid level
detects a slurry liquid surface in a hydrostatic tower whose
lower part is communicated witha liquid phase space of the
above mentioned flash vessel meanwhile whose upper part
is communicated witha gas phase space thereof; and when
the liquid level sensor detects a slurry liquid surfacewhich
has risen in the hydrostatic tower, a slurry discharge valve
installed on a slurry discharge pipe derived from the flash
vessel is opened, meanwhile, when the liquid level sensor
detects a slurry liquid surfacewhich has fallen in the
hydrostatic tower, the slurry discharge valve is closed.
Furthermore, the method for operating the flash vessel
according to the present invention is characterized in that,
for example, the above-mentioned raw material slurry is
a nickel oxide ore slurry, and the temperature and pressure
of a leached slurry obtained by leaching said nickel oxide
oreslurrywithsulfuricacidis reducedtonormal temperature

and pressure.

Effects of Invention
In a method for operating a flash vessel according

to the present invention, the present inventors have
earnestly studied the control of the liquid level of the
flash vessel in a high-pressure acid leaching process, the
high-pressure acid leaching process being such that a raw
material slurry is leached by using an autoclave under high
temperature and high pressure and then the temperature and
pressure of a leached slurry is reduced to normal temperature
and pressure by using the flash vessel, and as a result,
when a predetermined control liquid level of the slurry
in the flash vessel is determined by a relation between

the height from a slurry outlet to a control liquid level
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and the diameter of the flash vessel and a relation between
the height from the control liquid level to the top of the
flash vessel and the diameter of the flash vessel vessel
and at least one liquid level sensor installed at the
equivalent level to the above-mentioned control liquid level
detects a slurry liquid surface in a hydrostatic tower whose
lower part is communicated witha liquid phase space of the
above mentioned flash vessel meanwhile whose upper part
is communicated with a gas phase space thereof; and when
the liquid level sensor detects a slurry liquid surfacewhich
has risen in the hydrostatic tower, a slurry discharge valve
installed on a slurry discharge pipe derived from the flash
vessel is opened, meanwhile, when the liquid level sensor
detects a slurry liquid surfacewhich has fallen in the
hydrostatic tower, the slurry discharge valve is closed,
whereby opening and closing valve is sufficiently
controlled, thereby allowing troubles of a steam discharge
pipe, a slurry discharge pipe, and a slurry discharge valve

Lo be reduced, which is of great industrial value.

Brief Description of Drawings

Figure 1 illustrates one example of a method for
operating a flash vessel to which the present invention
is applied.

Figure 2 is a flowchart showing a procedure for leaching
nickel and cobalt by high-pressure acid leaching of nickel
oxide ores.

Figure 3 illustrates other example of a method for
operating a flash vessel to which the present invention
is applied.

Figure 4 illustrates other example of a method for
operating a flash vessel to which the present invention

is applied.
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Figure 5 illustrates a schematic structure of a common

flash vessel.

Detailed Description of the Invention
‘ Hereinafter, embodiments of the present invention will
be explained in detail with reference to the drawings.

The present invention is applied to, for example, a
flash vessel 10 having a structure illustrated in Fig. 1.

This flash vessel 10 is used in a high-pressure acid
leaching process wherein a raw material slurry is leached
byusinganautoclave under high temperature and high pressure
and then the temperature and pressure of a leached slurry
is reduced to normal temperature and pressure, and the flash
vessel 10 comprises a body portion 1 in the form of a
closed-bottom cylinder, a slurry inlet 3 and a steam outlet
5 are provided at a ceiling portion 2 which closes the open
upper part of the body portion 1, and a slurry outlet 4
is provided at the body portion 1.

A slurry feeding pipe 13 configured to feed a leached
slurry of which the temperature and pressure has been reduced
to a predetermined temperature and a predetermined pressure,
into the flash vessel 10 is coupled to the above-mentioned
slurry inlet 3; a slurry discharge pipe 14 configured to
discharge the slurry fed into said flash vessel 10 is coupled
to the above-mentioned slurry outlet 4; and a steamdischarge
pipe 15 configured to recover steamwhich is generated inside
said flash vessel 10 with the feeding of the slurry is coupled
to the above-mentioned steam outlet 5. A slurry discharge
valve 16 is attached to the slurry discharge pipe 14 coupled
to the slurry outlet 4.

Furthermore, the leachedslurryofwhichthe temperature
and pressure is reduced to a predetermined temperature and

a predetermined pressure is fed into this flash vessel 10
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via the slurry inlet 3, and the slurry fed into the flash
vessel 10 is discharged from the slurry outlet 4, meanwhile
steam which is generated with the feeding of the slurry
is discharged from the steam outlet 5.

The flash vessel 10 further comprises at least one
liquid level sensor 21 configured to detect a slurry liquid
surface 8 at the control liquid level S, wherein, with H1
being the height from the slurry outlet 4 to the control
liquid level S, H2 being the height from the control liquid
level S to the top of the flash vessel, and D being the
diameter of the flash vessel 10,

0.35D £ H1 £ 0.45D, and

0.75D £ H2 < 0.85D.

Furthermore, in the flash vessel 10, the valve opening
degree of the above-mentioned slurry discharge valve 16
is controlled based on liquid level measurement results
provided by the liquid level sensor 21, whereby a liquid
in the flash vessel 10 is kept at a proper liquid level.

The flash vessel 10 is configured to be used in a
high-pressure acid leaching process being such that a raw
material slurry is leached by using an autoclave under high
temperature and high pressure and then the temperature and
pressure of a leached slurry is reduced to normal temperature
and pressure, and the flash vessel is operated as follows.

That is, in this flash vessel 10, with H1l being the
height from a slurry outlet 4 to a control liquid level
S, H2 being the height from the control liquid level to
the top of the flash vessel, and D being the diameter of
the flash vessel 10,

0.35D £ H1 £ 0.45D,

0.75D £ H2 £ 0.85D,
and at least one liquid level sensor 21 detects a slurry

liquid surface 8 at the control liquid level S; and when
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the liquid level sensor 21 detects a slurry liquid surface
8 which has risen, a slurry discharge valve 16 installed
on a slurry discharge pipe 14 derived from the flash vessel
10 is opened, meanwhile, when the liquid level sensor 21
detects a slurry liquid surface 8 which has fallen, the
slurry discharge valve 16 is closed.

Such operation allows a slurry liquid level in the
flash vessel 10 to be controlled within a proper range.
In other words, steam is less likely to flow into the slurry
discharge pipe 14, whereby troubles such as damage to the
slurry discharge valve 16 are reduced.

Here, a nickel oxide ore slurry is used as the raw
material slurry, and a slurry resulting from leaching the
nickel oxide ore slurry with sulfuric acid is fed into the
flash vessel 10, and then the temperature and pressure of
the slurry fed into is reduced to normal temperature and
pressure by the flash vessel 10.

As mentioned above, in the flash vessel 10, the liquid
level sensor 21 detects a slurry liquid surface 8 at the
control liquid level S, and when the liquid level sensor
21 detects a slurry liquid surface 8 which has risen, a
slurry discharge valve 16 installed on a slurry discharge
pipe 14 derived fromthe flash vessel 10 is opened, meanwhile,
when the liquid level sensor 21 detects a slurry liquid
surface 8 which has fallen, the slurry discharge valve 16
is closed, and therefore a skilled operator capable of
detecting a liquid level in the flash vessel 10 are not
required for operation of the flash vessel.

The above-mentioned liquid level sensor 21 is not
limited except that the liquid level sensor 21 transmits
a proper detection signal, but it is preferable that the
liquid level sensor 21 installed at the control liquid level

S in the above-mentioned flash vessel 10 transmits to the
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slurry discharge valve 16 a signal to open a valve when
a liquid surface which has risen is detected by the liquid
level sensor 21, meanwhile the liquid level sensor 21
transmits to the slurry discharge valve 16 a signal to close
a valve when a liquid surface which has fallen is detected
by the liquid level sensor 21, whereby it becomes possible
to automate the operation.

Furthermore, the above-mentioned raw material slurry
is not particularly limited and examples thereof include
a metallic-compound-containing raw material used for
leaching a desired metal by high-pressure acid leaching,
such as metal, sulfide, oxide, and ore, but a preferable
example is an ore slurry comprising nickel oxide ore.

Furthermore, the above-mentioned high-pressure acid
leaching process is not particularly limited, but include,
besides the use of an autoclave and a flash vessel, the
use of a preheater which gradually heats and pressurizes
anore slurry adopted for common high-pressure acid leaching.

Furthermore, the above-mentioned autoclave is not
particularly limited, and a vertical or horizontal type
pressurized container to be heated by external heating or
byblowingof steamunder pressuremaybeusedas theautoclave.
The above-mentioned flash vessel 10 is not limited, and
a flash vessel havingamultistage may be used. Furthermore,
the above-mentioned preheater is not limited, and a direct
heating type counterflow heat exchanger having a multistage
may be used as the preheater. For the preheater, steam
may be used as a heating medium. Here, as the steam, a
steam generated by a common method, such as boiler, may
be used, but it is preferable to recover, circulate, and
utilize steam which is generated in the flash vessel for
gradually reducing the temperature and pressure of a leached

slurry discharged from an autoclave.
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Hereinafter, there will be explained one example of
high-pressure acid leaching of nickel oxide ores wherein
the above-mentioned flash vessel 10 and its operating method
are applied.

As illustrated in Fig. 2, the above-mentioned
high-pressure acid leaching of nickel oxide ores comprises
an ore treatment process P1l, a high-pressure acid leaching
process P2, a solid-liquid separation process P3, a
neutralization process P4, a dezincification process P35,
and a nickel-cobalt sulfurization process P6.

In the ore treatment process Pl, large masses, gangue
minerals, tree roots, and the like are removed from a nickel
oxide ore and an ore slurry having a predetermined slurry
concentration is prepared.

In the subsequent high-pressure acid leaching process
P2, the ore slurry transferred from the ore treatment process
is preheated by a preheater; while high-pressure air and
high-pressure steam being blown in by an autoclave, the
preheated ore slurry is leached with sulfuric acid under
high temperature and high pressure; and the temperature
and pressure of the high temperature and pressure leached
slurry are reduced by the above-mentioned flash vessel 10.

In the subsequent solid-liquid separation process P3,
the above-mentioned leached slurryis solid-liquid separated
into a leachate and a leaching residue.

Inthe subsequent neutralizationprocess P4, alimestone
slurry is added to the above-mentioned leachate to remove
impurities such as iron and aluminum.

In the subsequent dezincification process P5, zinc
and copper as impurities are removed as sulfide from the
leachate by sulfurization precipitation.

Furthermore, in the nickel-cobalt sulfurization

process P6, a nickel-cobalt mixed sulfide is obtained from
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the leachate by sulfurization precipitation.

As the nickel oxide ore, what is called laterite ore,
such as limonite ore or saprolite ore is mainly used. The
laterite ore usually has a nickel content of 0.5 to 2.0%
by mass, and the nickel is contained as a hydroxide or a
magnesium silicate mineral. Furthermore, the laterite ore
has an iron content of 20 to 50 % by mass, and the iron
is mainly in the form of trivalent hydroxide (goethite,
FeOOH), but, divalent iron is partially contained in the
magnesium silicate mineral.

A slurry concentration of the ore slurry produced in
the above-mentioned ore treatment process Pl is greatly
affected by the properties of a nickel oxidation ore to
be treated, and therefore not particularly limited, but
a higher slurry concentration of the leached slurry is
preferable and accordingly the slurry concentration thereof
is usually adjusted to 20 to 50% by mass. In other words,
a leached slurry having a slurry concentration of less than
20% by mass requires large equipment to achieve the same
residence time in each of the processes including a leaching
process, and also the amount of addition of acid is increased
in order to adjust a residual acid concentration.
Furthermore, a thus-obtained leachate has a lower nickel
concentration, thereby finally causing reduction in actual
yield. On the other hand, a leached slurry having a slurry
concentration of over 50% by mass requires just small
equipment, but the slurryitselfhasahighviscosity, thereby
causing a problem that transfer thereof with a pump is
difficult (such as frequent occurrence of blockages in a
pipe and more energy requirement).

One example of practical equipment for the
above-mentioned high-pressure acid leaching process P2

comprises, for example, a preheater with a three-stage type,
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METHOD FOR OPERATING FLASH VESSEL

Field of the Invention

The present invention relates to a method for operating
a flashvessel, specificallyrelatestoamethod for operating
a flash vessel (a vessel for reducing temperature and
pressure) in a high-pressure acid leaching process, the
high-pressure acid leaching process being such that a raw
material slurry is leached by using an autoclave
(high-pressure reaction vessel) under high temperature and
high pressure, and then the temperature and pressure of
a leached slurryisreducedtonormal temperature andpressure
by using the flash vessel. The present application asserts
priority rights based on JP Patent Application 2012-005441
filed in Japan on January 13, 2012. The total contents
of disclosure of the Patent Application of the senior filing
date are to be incorporated by reference into the present

Application.

Background of the Invention

In recent years, with the development of a material
having corrosion resistance under high temperature and high
pressure as a backdrop, high pressure acid leaching with
sulfuric acid has been attracting attention as
hydrometallurgy of nickel oxide ores (for example, refer
to Patent Literature 1). Unlike pyrometallurgy, which is
a conventional common method for smelting nickel oxide ores,
the high pressure acid leaching does not comprise

pyrometallurgical processes, such as reduction and drying,

. but comprises an integrated hydrometallurgical process,

and thus is advantageous in terms of energy and cost. 1In
otherwords, the above-mentioned high-pressure acidleaching

has a great advantage because, in a leaching process, the
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an autoclave, and a flash vessel with a three-stage type.

Here, the flash vessel 10 has a size of approximately
4 to 6 m in diameter and approximately 10 to 12 m in height,
has a cylindrical shape, and is vertically arranged.
Furthermore, a slurry to be introduced into a first-stage
flash vessel has a temperature of, for example, 200 to 270
degrees C and a pressure thereof, for example, 1.8 to 5.8
MPaG.

The flash vessel 10 to be used in the above-mentioned
high-pressure acid leaching process P2 is operated, for
example, as follows.

That is, the above-mentioned flash vessel 10 has a
diameter D of 5.0 m; the height H1l from a slurry outlet
4 toacontrol liquid level Sis 2.0m, satisfying a condition
of 0.35D £ H1 £ 0.45D; and the height H2 from the control
liquid level S to the top of the flash vessel is 4.0 m,
satisfying a condition of 0.75D £ H2 < 0.85D.

Then, a liquid level sensor 21 detects a slurry liquid
surface 8 at the control liquid level S, and when the liquid
level sensor 21 detects a slurry liquid surface 8 which
has risen, a slurry discharge valve 16 installed on a slurry
discharge pipe 14 derived from the flash vessel 10 is opened,
meanwhile, when the liquid level sensor 21 detects a slurry
liquid surface 8 which has fallen, the slurry discharge
valve 16 is closed.

The slurry is continuously fed into the flash vessel
10, and the liquid level sensor 21 detects a slurry liquid
surface 8 at the above-mentioned control liquid level S,
thereby controlling the opening and closing of the
above-mentioned slurry discharge valve 16, whereby the flash

vessel can be continuously operated.
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<Examples>

Hereinafter, the present invention will be further
explainedindetail with reference to Example and Comparative
Example of the present invention, but the present invention
is not limited to these Examples. Analyses of the metal
used in Example and Comparative Example were conducted by
ICP spectrometry.

The following Table 1 shows analytical values of an

ore slurryof nickel oxide ore used in Example and Comparative

Example.
[Table 1]
Solid Content % by mass 20-50
Particle Diameter of mm < 2.0
Solids
Ni % by mass 0.5-2.5
Co % by mass 0.01-0.20
Fe % by mass 20-50
Si % by mass 3-15
Mn % by mass 1-10
pH - 4-6

<Example 1>

There was used a practical plant for nickel oxide ores,
the plant including the above-mentioned practical equipment
example for the high-pressure acid leaching process.

An operation was carried out for six months, the
operation being such that, using an ore slurry shown in
Table 1, a leached slurry was prepared to have a temperature
of approximately 245 degrees Candapressure of approximately
4 MPaG at an outlet of an autoclave, and the leached slurry
was fed into a first-stage flash vessel, and subsequently
transferred to second-stage and third-stage flash vessels
in order, whereby the temperature and pressure of the leached

slurry was reduced to normal temperature and pressure.
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As a result, troubles due to damage to a steam discharge
pipe, a slurry discharge pipe, or a slurry discharge valve
did not occur.
<Comparative Example 1>

The same operation as in Example 1 was performed, not
by using the above-mentioned practical equipment example
for the high-pressure acid leaching process, but by using
a conventional equipment not comprising a hydrostatic tower.
| As a result, approximately one trouble due to damage
to a steam discharge pipe, a slurry discharge pipe, or a
slurry discharge valve occurred per month, and every time
the trouble occurred, repair work and equipment replacement
were carried out, thereby causing a decrease in operating
efficiency and an increase in equipment cost.

Here, the above-mentioned embodiment of a method for
operating the flash vessel 10 is such that, with H1l being
the height from a slurry outlet 4 to a control liquid level
S, H2 being the height from the control liquid level S to
the top of the flash vessel, and D being the diameter of
the flash vessel,

0.35D < H1 < 0.45D,

0.75D £ H2 £ 0.85D,
andone liquid level sensor 21 detects a slurry liquid surface
8 at the control liquid level S; and when the liquid level
sensor 21 detects a slurry liquid surface 8 which has risen,
a slurry discharge valve 16 installed on a slurry discharge
pipe 14 derived fromthe flash vessel 10 is opened, meanwhile,
when the liquid level sensor 21 detects a slurry liquid
surface 8 which has fallen, the slurry discharge valve 16
is closed. However, there may be a method for operating
for example the flash vessel 10A illustrated in Fig. 3,
wherein liquid level sensors detect a slurry liquid surface

8 at the upper limit level of a slurry Ha and the lower
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limit level of a slurry Hb, respectively, the upper limit
level of a slurry Ha being a level upper than the control
liguid level S for example by 0.3D to 0.4D, the lower limit
level of a slurry Hb being a level lower than the control
liquid level S for example by 0.2D to 0.3D; and when the
liquid level sensor 21A detects a slurry liquid surface
8 which has risen at the upper limit level of a slurry Ha,
a slurry discharge valve 16 installed on a slurry discharge
pipe 14 derived fromthe flash vessel 10 is opened, meanwhile,
when the liquid level sensor 21B detects a slurry liquid
surface 8 which has dropped at the lower limit level of
a slurry Hb, the slurry discharge valve 16 is closed.

The flash vessel 10A illustrated in Fig. 3 is configured
in such a manner that two liquid level sensors 21A and 21B
are installed in the flash vessel 10 illustrated in Fig.
1, and accordingly the same components are assigned the
same referencenumeralsandletters, anddetaileddescription
thereof will be omitted.

As mentioned above, the liquid level sensors 21A and
21B detect a slurry liquid surface 8 at the upper limit
level of a slurry Ha provided at a position upper than the
above-mentioned control liquid level S and the lower limit
level of a slurry Hb provided at a position lower than the
above-mentioned control liquid level S, respectively,
thereby controlling the opening and closing of the
above-mentioned slurry discharge valve 16, whereby a slurry
liquid level in the flash vessel 10A can be stably controlled
within an appropriate range.

Furthermore, there may be a method for operating the
flash vessel 10B illustrated in Fig. 4, wherein at least
one upper-limit liquid level sensor 21A installed at the
equivalent level to the above-mentioned control liquid level

S detects a liquid surface in a hydrostatic tower 20 whose
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lower part is communicated with a liquid phase space of
said flash vessel 10B meanwhile whose upper part is
communicated with a gas phase space thereof; and when the
upper-limit liquid level sensor 21A detects a 1liquid surface
whichhasriseninthehydrostatictower 20, aslurrydischarge
valve 16 installed on a slurry discharge pipe derived from
the flash vessel is opened, meanwhile, when the lower-limit
liquid level sensor 21B detects a liquid surface which has
fallen in the hydrostatic tower 20, the slurry discharge
valve 16 is closed.

The flash vessel 10B illustrated in Fig. 4 is configured
in such a manner that a hydrostatic tower 20 comprising
two liquid level sensors 21A and 21B are provided in the
flash vessel 10A illustrated in Fig. 3, and accordingly
the same components are assigned the same reference numerals
and letters, anddetaileddescriptionthereofwill beomitted.

In other words, the flash vessel 10B illustrated in
Fig. 4 comprises a hydrostatic tower 20 whose lower part
is communicated with a liquid phase space of said flash
vessel 10B meanwhile whose upper part is communicated with
a gas phase space thereof. The lower part of the
above-mentioned hydrostatic tower 20 is coupled onto an
arbitrary position of a slurry discharge pipe 14 between
a coupling position of the slurry discharge pipe 14 to the
flash vessel 10B and a slurry discharge valve 16, meanwhile
the upper part of the above-mentioned hydrostatic tower
20 is coupled onto an arbitrary position of a steam discharge
pipe 15.

For example, the lower part of a hydrostatic tower
20 having a diameter of 250 mm is coupled onto a slurry
discharge pipe 14 at an intermediate position between a
coupling position of the slurry discharge pipe 14 to the

flashvessel 10Bandaslurrydischargevalvel6 (at aposition



10

15

20

25

30

24

approximately 50 cm distant from said coupling position),
meanwhile the upper part of the above-mentioned hydrostatic
tower 20 having a diameter of 250 mm is coupled onto a steam
discharge pipe 15 at a position approximately 50 cm distant
from a coupling position of the steam discharge pipe 15
totheflashvessel 10B. Furthermore, inthe above-mentioned
hydrostatic tower 20, an upper-limit liquid level sensor
21A is installed at the equivalent level to the
above-mentioned upper limit level of a slurry Ha, meanwhile
a lower-limit liquid level sensor 21B is installed at the
equivalent level to the above-mentioned lower limit level
of a slurry Hb. Furthermore, a diameter of 250 mm of the
above-mentioned hydrostatic tower 20 is equal to
one-twentieth of a diameter D, approximately 5 m, of a main
body of the flash vessel 10B.

The diameter of the above-mentioned hydrostatic tower
20 is not particularly limited, but, when compared to a
diameter B of a main body of the above-mentioned flash vessel
10B, a diameter A of the above-mentioned hydrostatic tower
20 is preferably within a range of 1/100 x B £ A £ 1/5 «x
B. When the diameter A is too large, there is a risk of
an increase in investment cost and the residence of a slurry
in the hydrostatic tower 20, on the other hand, when the
diameter A is too small, there are risks that violent
fluctuation of a liquid level easily have an impact and
that a pipe is easily blockaded by a slurry.

Furthermore, at least one upper-limit liquid level
sensor 21A and at least one lower-limit liquid level sensor
21B are installed in the above-mentioned hydrostatic tower
20, the upper-limit liquid level sensor 21A being installed
at a level equivalent to a predetermined upper-limit liquid
level in the liquid phase space and detecting a liquid level

which has risen in the hydrostatic tower 20, the lower-limit
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liquid level sensor 21B being installed at a level equivalent
to a predetermined lower-limit liquid level in the liquid
phase space and detecting a liquid level which has fallen
in the hydrostatic tower 20.

In the flash vessel 10B, based on liquid level
measurement results provided by the liquid level sensors
21A and 21B installed in the hydrostatic tower 20, the valve
opening degree of the slurrydischargevalve 16 iscontrolled,
whereby a liquid in the flash vessel 10 is kept at a proper
liquid level.

In other words, the flash vessel 10B is configured
to be used in a high-pressure acid leaching process being
suchthat arawmaterial slurryis leachedbyusinganautoclave
under high temperature and high pressure and then the
temperature and pressure of a leached slurry is reduced
to normal temperature and pressure, and said flash vessel
is operated as follows.

That is, a slurry is continuously fed into the
above-mentioned flash vessel 10B, and when the
above-mentioned upper-limit liquid level sensor 21A detects
a liquid surface which has risen in a state such that the
slurry discharge valve 16 is closed, a signal to open the
valve is transmitted to the slurry discharge valve 16 to
open the slurry discharge valve 16, thereby transferring
a slurry in the flash vessel 10B to a next process. Then,
the discharge and transfer of the slurry in the flash vessel
10B to the next process causes a slurry liquid level in
the flash vessel 10B to be lowered, and when the
above-mentioned lower-1limit liquid level sensor 21B detects
a liquid surface which has fallen, a signal to close the
discharge valve is transmitted to the slurry discharge valve
16 to close the slurry discharge valve 16, whereby a slurry

liquid level in the flash vessel 10 begins to rise again.
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Repeating of this procedure allows continuous operation.

Such operation allows a slurry liquid level in the
flash vessel 10B to be more stably controlled within a proper
range, and steam is less likely to flow into the slurry
discharge pipe 14, whereby troubles such as damage to the

slurry discharge valve 16 are reduced.

Reference Signs List
l...body portion,
2...ceiling portion,
3...slurry inlet,
4...slurry outlet,
5...steam outlet,
8...slurry liquid level,
10, 10A, 10B...flash vessel,
13...slurry feeding pipe,
14...slurry discharge pipe,
15...steam discharge pipe,
16...slurry discharge valve,
20...hydrostatic tower,
21...1liquid level sensor,
21A...upper-limit liquid level sensor, and

21B...lower-1limit liquid level sensor.
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oxidation reduction potential and temperature of a leachate
inapressure leaching reactor are controlled, thereby fixing
iron, a main impurity, to a leaching residue in the form
of hematite (Fe;03), whereby nickel and cobalt can be
selectively leached over iron.

For example, as hydrometallurgy of nickel oxide ores,
high-pressure acid leaching by using an autoclave has been
adopted, wherein, in a high-pressure acid leaching process
in which that a raw material slurry is leached by using
an autoclave under high temperature and high pressure and
then the temperature and pressure of the leached slurry
is reduced to normal temperature and pressure by using the
flash vessel, a liquid level in the flash vessel is usually
measured by a sensor directly attached to the flash vessel.

Here, as shown in Figure 5 illustrating a schematic
structure of a common flash vessel 100, the flash vessel
100 comprises a bodyportion 101l inthe formof a closed-bottom
cylinder; a slurry inlet 103 and a steam outlet 105 are
provided at a ceiling portion 102 which closes the open
upper part of the body portion 101; and a slurry outlet
104 is provided at the body portion 101. A slurry feeding
pipe 113 configured to feed a leached slurry of which the
temperature and pressure is reduced to a predetermined
temperature and a predetermined pressure (hereinafter,
sometimes simply referred to as a slurry) into the flash
vessel 100 is coupled to the above-mentioned slurry inlet
103. A slurry discharge pipe 114 configured to discharge
the slurry fed into the flash vessel 100 is coupled to the
above-mentioned slurry outlet 104. A steam discharge pipe
115 configured to recover steam which is generated inside
the flash vessel 100 with feeding of the slurry is coupled
to the above-mentioned steam outlet 105. A slurry discharge

valve 116 is attached to the slurry discharge pipe 114 coupled
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to the slurry outlet 104.

Furthermore, a leached slurry of which the temperature
and pressure is reduced to a predetermined temperature and
a predetermined pressure (hereinafter, sometimes simply
referred to as a slurry) is fed into this flash vessel 100
via the slurry inlet 103, and the slurry fed into the flash
vessel 100 isdischarged fromthe slurryoutlet 104, meanwhile
steam which is generated with the feeding of the slurry
is discharged from the steam outlet 105.

At this time, measurement results of a liquid level
in the flash vessel measured by liquid level sensors 120A
and 120B are used to keep a liquid level in the flash vessel
100 at a proper liquid level.

For example, in the case where a 1iquid level is measured
withtheliquidlevel sensors 120Aand 120Bwhichare installed
at upper and lower limits of the liquid level, respectively,
when a liqgid level has risen and the liquid level sensor
120A installed at the upper liquid level limit detects the
liquid level accordingly, the above-mentioned slurry
discharge valve 116 is opened to discharge a slurry remaining
in the flash vessel 100, whereas when a liquid level had
dropped to the extent that the liquid level sensor 120B
installed at the lower liquid level limit cannot detect
the liquid level, the above-mentioned slurry discharge valve
116 is closed to stop discharging of a slurry from the flash
vessel 100. Consequently, a slurry liquid level in the
flash vessel 100 is controlled to be between the
above-mentioned upper and lower limits. Furthermore, in
the case where a liquid level is continuously measured,
when a liquid level rises to be higher than a control liquid
level, theslurrydischarge valve 116 is openedwider, whereby
the discharge amount of a slurry remaining in the flash

vessel 100 is increased, whereas, when a liquidklevel falls
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tobe lower thanthecontrol liquidlevel, the slurrydischarge
valve 116 is opened smaller, whereby discharging of a slurry
from the flash vessel 100 is controlled.

Generally, a leaching reaction in the above-mentioned
high-pressure acid leaching process is controlled by, other
than temperature, a control factor (pH, oxidation-reduction
potential) of the leaching reaction by using a leaching
agent. For example, a leaching method using chlorine gas
as a leaching agent is performed by using an
oxidation-reduction potential in a leachate, and therefore
a pressure in an autoclave is not directly controlled, and
not stable or fixed during leaching operation, and it varies
depending on injection amount of chlorine gas which is
controlled by the oxidation-reduction potential.

In the case where a leaching agent is a liquid and
no gas is generated by a reaction, generally, a pressure
in an autoclave is produced by saturated vapor pressure
depending on temperature. For example, in recent years,
high-pressure acid leaching by using an autoclave has been
adopted as hydrometallurgy of nickel oxide ores in order
to recover valuable metals, such as nickel and cobalt.

According to the above-mentioned high-pressure acid
leaching, for example, in an ore treatment process, an ore
slurry having a predetermined slurry concentration and
containing ores havingasizeof 2mmor less is first prepared
by using an pulverizing apparatus and a sieving apparatus.
Then, the above-mentioned ore slurry is fed into a
high-pressure acid leaching process. Here, the
above-mentioned ore slurry is gradually heated and
pressurized with a preheater (an apparatus to increase
temperature and pressure), and then fed into an autoclave.

In the autoclave, impurity elements, suchas iron, aluminum,

and zinc, as well as nickel and cobalt which are contained
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in the ores are partly leached with sulfuric acid, whereby
a leached slurry containing these is obtained. Subsequently,
the above-mentioned leached slurry is transferred from the
autoclave to a flash vessel configured to reduce the
temperature and pressure of the leached slurry to normal
temperature and pressure, and the temperature and pressure
of the leached slurry is gradually reduced. After that,
the leached slurry goes through a preneutralization process
for neutralizing free sulfuric acid in a leachate, a
solid-liquid separation process by using thickners with
a multi-stage type, and the like, thereby being separated
into a leaching residue and a leachate.

Here, the adoption of the flash vessel in the
above-mentioned high-pressure acid leaching process fills
a gap between an operating condition of an autoclave in
the high-pressure acid leaching process and an operating
condition of the subsequent process. In other words, as
a leaching condition of the autoclave, a temperature of
approximately 200 to 300 degrees C is usually selected in
order to achieve a high leaching rate of nickel and cobalt.
On the other hand, from a safety and economic standpoint,
the subsequent preneutralization process or solid-liquid
separation process is usually operated under atmospheric
pressures. Therefore, while gradually recovering
pressurized steam from a leached slurry having a high
temperature and a high pressure, a flash vessel reduces
the temperature and the pressure of the leached slurry.

Here in the high-pressure acid leaching process, a
very expensive pipe which is made of a material and has
a structure to be resistant to high temperature and pressure
is used as a pipe to transfer the leached slurry from the
autoclave to the flash vessel, a pipe to supply the

above-mentioned recovered steam to the preheater for the
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ore slurry, a pipe to gradually increase the temperature
and pressure of the ore slurry, and the like; and, based
on requests concerning overall costs including materials
costs, piping is made short as much as possible and each
equipment 1s appropriately arranged. Thus, the leached
slurry is transferred from the autoclave to a first-stage
flash vessel, and further transferred to another
subsequent~stage flash vessel one by one. Here, as amethod
for transferring the leached slurrybetween the flash vessels,
not a mechanical transfer method like a pump, but a method
of transferringthe slurrybymakinguseof aheight difference
between positions of installing flash vessels and a pressure
difference between each stage is usually adopted. This
is because sulfuric acid is contained in the leached slurry
and thus durability and costs of transfer equipment have
been taken into consideration. For example, in a practical
plant, in the case where an autoclave having a size of
approximately 4 to 6 m in diameter and approximately 25
to30minlengthandhavingacylindrical shapeishorizontally
installed, the first-stage flash vessel is installed at
a position located at approximately 25 to 35 m in height
above the autoclave.

The pressurized steam gradually recovered from the
leached slurry having a high temperature and a high pressure
is fed into a preheater having the same level of a temperature
and pressure as those of the slurry from each stage of the
flash vessels, and, as mentioned above, also for this piping
here, a very expensive pipe which is made of a material
and has a structure to be resistant to high temperature
and high pressure is provided.

However, problems about the occurrences of damage and
the like to the steam discharge pipe, the slurry discharge

pipe and the slurry discharge valve have not been completely
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solved out, and approximately ten occurrences of damage
to the steam discharge pipe and the slurry discharge valve
have takenplace per year operation, and thereforeapractical
technique to further reduce the problems about the occurrence
of damage has been required.

A cause about the above mentioned damages is presumed
to lie in insufficient control of liquid level. In other
words, at the time when a leached slurry having a high
temperature and a high pressure is fed into a flash vessel
and steam is generated accordingly, a liquid surface of
the slurry is presumed not to be flat, or rather, it is
presumed that steam generated from a deep part of the slurry
causes a liquid level thereof to violently vary, whereby
the control of the liquid level is insufficient.

In other words, there is only the above-mentioned
presumption because, in the high-pressure acid leaching
process adopted as hydrometallurgy of nickel oxide ores
and using an autoclave, a flash vessel configured to reduce
the temperature and pressure of a slurry obtained after
leaching a raw material slurry under high temperature and
high pressure by using an autoclave has a large size and
furthermore is to be applied to a strongly acidic slurry,
andtherefore it istechnicallyhardtoprovide anobservation
window to the flash vessel, and therefore it is substantially
impossible tovisually observe the inside of the flashvessel.

The conventional flash vessel 100 may have a problem
that, for example, even if a liquid level is actually high,
the liquid level sensor 120A installed at the upper limit
liquid level cannot detect the liquid level due to violent
fluctuation of a liquid surface, and the slurry discharge
valve 116 does not control the liquid level accordingly,
whereby operation continues to be performed in such a state
that the liquid level in the flash vessel 100 is high, and
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accordingly an acidic slurry is transferred together with

recovered steam to a preheater, and due to the acidic slurry
corrosion of the recovered steam discharge pipe 115 is
advanced. On the other hand, the prior flash vessel 100
may have another problem that, even if a liquid level is
actually low, similarly the liquid level sensor 120B
installed at the lower limit liquid level cannot detect
the liquid level accordingly, and the slurry discharge valve
116 does not control the liquid level, whereby the liquid
level actually becomes lower than the position of the slurry
discharge pipe 114, and steam in the flash vessel 100 is
discharged together with a discharged slurry from the slurry
discharge pipe 114 to the subsequent-stage flash vessel,
whereby a flow rate of the slurry in the discharge pipe
is made temporarily higher, thereby causing damages of the
slurry discharge pipe 114 and the valve, and the amount
of steam flowing from the subsequent-stage flash vessel
tothe recovered steampipe is temporarily increased, thereby
causing a more amount of the acidic slurry to be transferred,
or the increase in the flow rate causes corrosion and wear
of the recovered steam pipe to advance.

For example, Patent Literature 2 discloses a method
for condensing a slurry of organic sludge, wherein a liquid
surface in a flash vessel is detected, whereby the liquid
level of a condensed liquid is always kept higher than the
positionof anoutlet. However, themethod is hard todirectly
apply to solve the above-mentioned problems because
conditions are too different, that is, a target to be treated
is a slurry of organic sludge, the steam pressure is 2.5
atmospheres at most, and the like.

Furthermore, for example, Patent Literature 3discloses
a technique for controlling the refrigerant charge into

a refrigerant vapor compression system by use of at least
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CLAIMS

1. Amethod for operating a flash vessel in a high-pressure
acid leaching process, the high-pressure acid leaching
process being such that a raw material slurry is leached
by using anautoclave under high temperature andhighpressure
and then a temperature and pressure of a leached slurry
is reduced to normal temperature and pressure by using the
flash vessel,

wherein, with H1l being a height from a slurry outlet
to a control liquid level, H2 being a height from the control
liquid level to a top of the flash vessel, and D being a
diameter of the flash vessel,

0.35D < H1 < 0.45D,

0.75D £ H2 £ 0.85D,

at least one liquid level sensor installed at the
equivalent level to the above-mentioned control liquid level
detects a slurry liquid surface in a hydrostatic tower whose
lower part is communicated with a liquid phase space of
the above mentioned flash vessel meanwhile whose upper part
is communicated with a gas phase space thereof,

and wherein, when the liquid level sensor detects a
slurry liquid surface which has risen in the hydrostatic
tower, a slurry discharge valve installed on a slurry
discharge pipe derived from the flash vessel is opened,
meanwhile, when the liquid level sensor detects a slurry
liquid surface which has fallen in the hydrostatic tower,

the slurry discharge valve is closed.

2. The method for operating a flash vessel according to
claim 1, wherein the above-mentioned raw material slurry
is a nickel oxide ore slurry, and a temperature and pressure

of a leached slurry obtained by leaching said nickel oxide
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oreslurrywithsulfuricacidisreducedtonormal temperature

and pressure.
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