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ABSTRACT

There are provided methods for producing an ore slurry while suppressing increases in the
viscosity thereof, thereby preventing failures from occurring during transport, and also metal
refining methods utilizing such slurry producing methods. The methods include: pulverizing
raw material ores and classifying the resulting ores at a predetermined classifying point so that
oversized ore particles are removed so as to obtain a coarse ore slurry composed of undersized
ore particles; measuring the grain size of the resulting coarse ore slurry; and loading the

coarse ore slurry to a solid-liquid separation device and separating and removing moisture
contained 1n the coarse ore slurry therefrom so as to condense ore components, and 1n this
method, in the case when the measured grain size is lower than a predetermined value, one
portion of the oversized ore particles that have been removed is loaded and added to the solid-

liquid separation device.
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DESCRIPTION

ORE SLURRY PRODUCTION METHOD AND METAL REFINING METHOD

Field of the Invention
(0001]

This invention relates to a method of producing an ore slurry and a metal
refining method, and more particularly concerns a method of producing an ore
slurry that can suppress a rise in the viscosity of the ore slurry and a metal refining
method to which such a method of producing an ore slurry 1s applied.

The present application asserts priority rights based on JP Patent Application

2011-242308 filed in Japan on November 4, 2011.

Background of the Invention
[0002]

In recent years, as a refining method for recovering nickel and cobalt from
nickel oxide ores containing nickel and cobalt respectively about 1.0 to 2.0% and
about 0.1 to 0.5% relative to the total amounts thereof, a mgh-temperature pressure
acid leaching method (hereinafter, referred to sometimes as HPAL Method: high

pressure acid leach), which is one of wet refining methods, has been utilized.

CA 2847149 2019-02-01
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[0003]

The HPAL method is a leaching treatment method in which, for example,
sulfuric acid is added to an ore slurry of nickel oxide ores, and a leaching process 1s
carried out under high-temperature and high-pressure so that a leached liquor
containing nickel and cobalt is obtained. In this case, a refining method is carried
out in which the leaching step utilizing the HPAL method, a neutralizing step of
adjusting the pH of the resulting leached liquor and of forming a neutralized deposit
slurry containing impurities such as iron or the like and a mother liquor for use in
nickel recovery, which is purified, and a sulfidizing step of supplying a hydrogen
sulfide gas to the nickel recovery-use mother liquor so as to form a nickel-cobalt
mixed sulfide and a barren liquor are carried out (for example, see Patent Document
1).

[0004]

In this refining method, in the leaching step, in general, nickel and cobalt ot
90% or more contained in the ore slurry are leached out. Then, after the separation
of the leached liquor, impurities in the leached liquor are separated and removed
therefrom by a neutralizing method so that a nickel-cobalt mixed sulfide having a
nickel quality of 55 to 60% and a cobalt quality of about 3 to 6% can be obtained,

and this is used as an intermediate material for use in the nickel-cobalt refining

process.

[0005]
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In this case, raw material ores, such as nickel oxide ores, to be used 1n the
above-mentioned refining process or the like are normally subjected to an ore
treatment and processed into an ore slurry so as to be loaded 1nto a refining process,
and they are used in a leaching treatment, etc., in the form of the ore slurry.

[0006]

More specifically, the ore treatment for the raw material ores 1s mainly
classified into a pulverizing/classifying step in which the raw matenal ores are
subjected to a pulverizing process and a classifying (sieving) process including
multiple stages and an ore slurry condensing step in which ore components are
condensed.

10007]

First, in the pulverizing/classifying step, a pulverizing process for the raw
material ores by the use of a wet facility and a classifying process for removing
oversized ore particles and mixed matters are carried out so that a coarse ore slurry
composed of undersized ore particles 1s produced (for example, see Patent

Document 2).
[0008]

In this case, since the produced coarse ore slurry contains excessive moisture,
the excessively contained moisture is removed in the next ore slurry condensing

step (for example, see Patent Document 3). Since the ore components contained

in the ore slurry per the same transporting amount are increased, this moisture
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removal is effective for improving the operation efficiency of the plants as a whole.
[0009]

However, the above-mentioned conventional ore treatment tends to form fine
ore particles due to fluctuations of the grain size of the raw material ores to be
loaded and degrees of pulverization in the pulverizing process, with the result that
the viscosity of the resulting ore slurry tends to become too high.

[0010]

More specifically, upon adjusting the ores to a predetermined grain size by
the pulverizing process and the classifying (sieving) process including multiple
steps, fine ore particles are formed, with the result that the grain size of the
undersized ore particles that have been classified and recovered tends to be shifted
to a small size. In this case, even after the pulverizing/classifying step, since no
process for removing fine ore particles is prepared, an ore slurry having a small
grain size tends to be obtained. It has been known that when such an ore slurry 1s
used, the viscosity of the ore slurry becomes too high.

[0011]

Additionally, in the case when the viscosity of an ore slurry is represented at
the actual operation site, a value (unit: Pa) of a yield stress is generally used as an
alternative index. The reason for this is because the yield stress i1s more easily

measured, and because as the viscosity of the ore slurry becomes higher, the value

of the yield stress also becomes greater, while, in contrast, as the viscosity becomes
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lower, the value of the yield stress also becomes smaller, so that an erroncous
recognition hardly occurs. Therefore, in the following description, the yield stress
of the ore slurry is sometimes used for indicating the viscosity of the ore slurry.
[0012]

On the other hand, the capability of a transporting pump for use 1n
transporting the ore slurry to a metal refining process, such as a leaching step or the
like, is generally set to 200 Pa or less in the yield stress of the ore slurry; thus, a
reasonable facility price is obtained, with a comparatively simple structure.

[0013]

Therefore, in the case when the yield stress of the ore slurry becomes high as
described above, and exceeds, for example, 200 Pa, a problem is raised in that the
transporting process cannot be carried out by using a general-use slurry transporting
pump. Such a problem causes a situation in which the plant has to be temporarily
stopped, resulting in a serious reduction in operation efticiency.

[0014]

In order to prevent such a viscosity rise in the ore slurry, a method 1s
proposed in which “a shearing pump” that utilizes an effect for reducing the
viscosity in the slurry (Shear Thinning effect), by applying a shearing force thereto
several times prior to transporting the slurry; however, this method undesirably

requires expensive facilities, and causes a complicated facility structure, and high

costs for introducing the method as well as high maintenance costs.
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[0015]

Moreover, in the case when such an ore slurry with high viscosity 1s
transported to the leaching process using, for example, the HPAL method, although
the ore slurry can be transported by using the above-mentioned shearing pump,
upon providing a high-temperature state by heat exchange with high-temperature
water vapor by using a heat exchanger in the initial stage of the leaching process,
the heat exchanging efficiency is lowered. This is because when the yield stress of
the ore slurry becomes such a high degree as to exceed, for example, 200 Pa, in the
initial stage after being loaded into a heat exchanger, the ore slurry tends to adhere
to its wall surfaces and members, and anchored thereon without being allowed to
flow, resulting in clogging of the device in the worst case.

[0016]

On the other hand, for example, in order to avoid the grain size of the ores to
be loaded from becoming too small, a method is easily proposed in which a process
for removing fine ore particles is newly installed as the final stage of the
pulverizing/ classifying step; however, high costs are required for introducing such
a facility. Moreover, the amount of ores to be rejected from the
pulverizing/classifying step increases to cause a problem in that resources are not
effectively utilized.

[0017]

Moreover, as the viscosity adjusting method, for example, as described in



CA 02847149 2014-02-27

7 11-432(ST22PCT)

Patent Document 4, a method or the like is proposed in which in order to allow
muddy water whose viscosity is unknown to exert a predetermined viscosity, the
added water amount is adjusted; however, this technique relates to an adjusting
method for the viscosity of muddy water for use in a shield engineering technique, a
pile engineering technique, a fluidization treatment engineering technique, an
underground continuous wall engineering technique and the like 1 the construction
field, and it is difficult to apply this method to the viscosity adjusting method for an

ore slurry after having been dehydrated.

Prior-Art Documents

Patent Document

|0018]
PTL 1: Japanese Patent Application Laid-Open No. 2005-350766
PTL 2: Japanese Patent Application Laid-Open No. 2009-173967
PTL 3: Japanese Patent Application Laid-Open No. 11-124640

PTL 4: Japanese Patent Application Laid-Open No. 2009-270300

Summary of the Invention
[0019]

[n view of these circumstances, the present invention has been devised, and

its object is to provide a method for producing an ore slurry that makes it possible
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to suppress a rise in the viscosity of the ore slurry, and consequently to prevent a
failure in transportation and a metal refining method utilizing such a method.
[0020]

In order to achieve the above object, the present inventors have intensively
studied and have found that in an ore slurry producing method for producing the ore
slurry from raw material ores, by loading and adding one portion of oversized
particles that have been removed in the pulverizing/classifying step to an ore slurry
condensing step, a rise in the viscosity of the ore slurry can be suppressed, and thus
the present invention has been completed.

10021]

That is, a method for producing an ore slurry in accordance with the present
invention, which is an ore slurry producing method for producing an ore slurry from
raw material ores, is provided with: a pulverizing/classifying step of pulverizing the
raw material ores and classifying the resulting ores at a predetermined classifying
point so that oversized ore particles are removed so as to obtain a coarse ore slurry
composed of undersized ore particles; a grain size measuring step of measuring the
orain size of the coarse ore slurry obtained by the pulverizing/classitying step; and
an ore slurry condensing step of loading the coarse ore slurry to a solid-liquid
separation device and separating and removing moisture contained in the coarse ore
slurry therefrom so as to condense ore components, and this method 1s

characterized in that in the case when the grain size measured in the grain size
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measuring step is lower than a predetermined value, one portion of the oversized
ore particles that have been removed in the pulverizing/classifying step 1s loaded
and added to the solid-liquid separation device in the ore slurry condensing step.
10022 ]

The above-mentioned predetermined value for the grain size 1s set to such a
value corresponding to a grain size that causes a failure in transportation of the ore
slurry due to a rise in viscosity of the ore slurry thus produced, and the grain size 1s
preferably set so as to cause a yield stress of the ore slurry to exceed 200 Pa.

More specifically, the predetermined value for the grain size is preferably 20um.
10023]

Moreover, upon loading and adding the oversized ore particles to the
solid-liquid separation device in the ore slurry condensing step, the oversized ore
particles are adjusted so as to have a particle size in a range from 20 to 100um and
added thereto.

10024]
Furthermore, the oversized ore particles are preferably added at a rate of 1 to

30 weight% relative to the entire ore particles to be loaded into the solid-liquid

separation device.

10025]

As the raw material ores, nickel oxide ores may be used. Moreover, the ore

slurry is used for a process for recovering nickel and cobalt from the ore slurry by a
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high-temperature pressure leaching method by the use of sulturic acid.
[0026]

A metal refining method in accordance with the present invention, which 1s
the metal refining method for recovering a metal contained in raw material ores
from the raw material ores, is provided with: an ore slurry production process
including a pulverizing/classifying step of pulverizing the raw material ores and
classifying the resulting ores at a predetermined classifying point so that oversized
ore particles are removed so as to obtain a coarse ore slurry composed of undersized
ore particles; a grain size measuring step of measuring the grain size ot the coarse
ore slurry obtained by the pulverizing/classifying step; and an ore slurry condensing
step of loading the coarse ore slurry to a solid-liquid separation device and
separating and removing moisture contained in the coarse ore slurry theretrom so as
to condense ore components, and this method is characterized in that in the case
when the grain size measured in the grain size measuring step 1s lower than a
predetermined value, one portion of the oversized ore particles that have been
removed in the pulverizing/classifying step is loaded and added to the solid-liquid

separation device in the ore slurry condensing step.

[0027]

As the raw material ores, nickel oxide ores may be used, and the method 1s

applied to a recovering method for nickel and cobalt from the nickel oxide ores.

Moreover, the ore slurry produced by the ore slurry producing steps may be applied
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to a method in which the ore slurry is added to sulfuric acid and leached out under
high temperature and high pressure so that a leached liquor containing nickel and

cobalt 1s obtained.

Effects of the Invention
[0028]

The present invention produces an ore slurry that makes it possible to
suppress a rise in the viscosity of the ore slurry, and consequently to prevent a
failure in transporting the ore slurry to the next process. In accordance with this
ore slurry, it is possible to transport the ore slurry efficiently to a metal refining
process or the like, without the necessity of preparing a new facility or the like, and

consequently to carry out the operation efficiently.

Brief Description of Drawings

10029]

Figure 1 is a process drawing that shows a production method of an ore

sharry.

Figure 2 is a flow chart that shows a production flow of the ore slurry.

Figure 3 is a process drawing that shows a wet refining method of a nickel

oxide ore.
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Detailed Description of the Invention
[0030]

Referring to Figures, the following description will discuss specific
embodiments (hereinafter, referred to as present embodiments) of the present
invention in the following order in detail. Additionally, the present invention 1s
not intended to be limited by the following embodiments, and various moditications
may be made thereto without departing from the gist of the present invention.

1. Production Method of Ore Slurry

1-1. Outline

1-2. Concerning Respective Processes

1-3. Concerning Production Flow

2. Metal Refining Method (Wet Refining Method of Nickel Oxide Ore)

3. Examples
[0031]
<1. Production Method of Ore Slurry>
<]-1. Outline>

A production method of an ore slurry in accordance with the present
embodiment relates to a method of producing an ore slurry to be used upon carrying
out a metal refining process, or the like, for use in recovering a metal, such as, for

example, nickel, cobalt, or the like from raw material ores.

0032 ]
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More specifically, as shown in Fig. 1, the production method ot an ore slurry
in accordance with the present embodiment is provided with: a
pulverizing/classifying step S1 in which material ores are pulverized and classitied
at a predetermined classifying point to remove oversized ore particles so that a
coarse ore slurry composed of undersized ore particles is obtained; a grain size
measuring step S2 in which the grain size of the coarse ore slurry obtained in the
pulverizing/classifying step S1 is measured; and an ore slurry condensing step S3 1n
which the coarse ore slurry is loaded into a solid-liquid separation device, and by
separating and removing moisture contained in the coarse ore slurry therefrom, ore
components are condensed.

[0033]

Then, the production method of the ore slurry in accordance with the present
embodiment is characterized in that in the case when the grain size of the coarse ore
slurry measured in the grain size measuring step S2 is a predetermined value or less,
to the coarse ore slurry measured in the grain size measuring step S2, one portion of
the oversized ore particles that have been removed in the pulverizing/classifying

step S1 is loaded and added to the solid-liquid separation device in the ore slurry

condensing step S3.

[0034]

In this case, in a conventional ore slurry production process, after the raw

material ores have been pulverized and oversized ore particles have been removed



CA 02847149 2014-02-27

14 11-432(ST22PCT)

by classifying them at a predetermined classifying point, only the undersized ore
slurry, as it is, is loaded and added to a solid-liquid separation device, such as a
thickener or the like, so that an ore slurry is obtained. However, 1n this
conventional method, fine ore particles are formed due to grain size fluctuations ot
the raw material ores, the degree of pulverizing process and the like, the grain size
of the undersize ore particles obtained by the classifying process tends to tluctuate
in such a direction as to be made excessively small.

[0035]

An ore slurry obtained by such fine ore particles tends to have a rise 1n its
slurry viscosity. This is presumably because in the ore slurry composed of ore
particles having a small grain size, fine ore particles are mutually aggregated by a
predetermined aggregating force, with the result that moisture is taken among the
aggregated particles to reduce an apparent amount of a solvent in the slurry,
resulting in a rise in the viscosity of the ore slurry.

[0036]

[n the case when the slurry viscosity of the ore slurry rises in this manner,
upon transporting the ore slurry, for example, to a metal refining treatment step
process, it is not possible to transport the ore slurry effectively by using a normal
transporting pump, resulting in a failure such as adhesion of the slurry to pipes.
When such a transporting failure of the ore slurry occurs in the metal refining

treatment, the operation needs to be temporarily stopped so as to remove the slurry
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adhered to the pipes, resulting in a serious reduction in the operation efficiency.
[0037]

Therefore, in the method of producing an ore slurry in accordance with the
present embodiment, the grain size of a coarse ore slurry composed of the undersize
ore particles classified in the pulverizing/classifying step S1 is measured, and 1n the
case when the grain size is lower than a predetermined value, one portion of the
removed oversized ore particles is loaded and added to the solid-liquid separation
device together with the undersized ore particles so that the ores are condensed.
With this arrangement, even in the case when fine ore particles are generated due to
the pulverizing process, the grain size fluctuations of the raw material ores, or the
like, since one portion of the fine particles is, for example, replaced by
comparatively large particles, it is possible to suppress a rise in the viscosity of the
ore slurry.

[0038]

That is, by adding one portion of the oversized ore particles to the coarse ore
slurry composed of undersized ore particles, the physical aggregation between the
fine ore particles is intervened. With this process, it 1s possible to suppress
moisture from being held among the particles, and to consequently reduce the slurry
viscosity after the condensation.

[0039]

Moreover, by suppressing the rise in viscosity of the ore slurry in this
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manner, it is possible to effectively prevent the transporting failure of the ore slurry,
and consequently to provide a process that is effectively used for a treatment
relating to, for example, a metal refining process, or the like, without the necessity
of preparing a new facility or the like.

10040]

The following description will discuss respective steps and a production flow
of the method for producing ore slurry in accordance with the present embodiment,
more specifically.

10041]
<]1-2. Concerning Respective Steps>
(Pulverizing/Classitying Steps>

First, in the pulverizing/classifying step S1, raw material ores are pulverized,
and the pulverized ores are classified at a predetermined classifying point so that
oversized ore particles are removed to obtain a coarse ore slurry composed ot
undersized ore particles. In this pulverizing/classifying step S1, for example,
pebbles, tree roots and the like are removed from the raw material ores, and the raw
material ores aggregated into lumps are also pulverized and classified at the

predetermined classifying point.

[0042]

As the raw material ores, any ores may be used as long as they are ores

containing metal. More specifically, for example, nickel oxide ores containing
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nickel and cobalt, copper oxide ores containing copper, and the like are proposed.
10043 ]

For example, the nickel oxide ores mainly include so-called laterite ores,
such as limonite ore and saprolite ore. The laterite ores normally have a nickel
content in a range from 0.8 to 2.5 weight%, and nickel components are contained as
hydroxides or noumeite (magnesium silicate) ores. Moreover, the ron content
thereof is normally in a range from 10 to 50 weight%, and 1ron components are
mainly contained as trivalent hydroxides (goethite); however, one portion of
divalent iron is contained in the noumeite ores. Furthermore, in addition to the
laterite ores, oxide ores containing polyvalent metals, such as nickel, cobalt,
manganese, copper or the like, for example, manganese stocks deposited on the
deep sea bed, may be utilized.

10044 ]

As the pulverizing method for material ores, not particularly limited, a
general-use pulverizer, such as a ball mill, a rod mill, an AG mill or the hike, may
be used for the pulverizing process. Moreover, with respect to the size of the
pulverizer, the size of media to be pulverized, and the like, not particularly limited,
by carrying out preliminary tests, for example, on distributions of the grain size,
hardness and the like of materials ores to be pulverized, selection 1s appropriately

made based upon the results.

(0045]
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With respect to a classifying method for the pulverized material ores, not
particularly limited, as long as it can classify ores based upon a desired grain size, a
sieve classifying process by using, for example, a general-use grizzly, an oscillation
sieve or the like, may be carried out.

[0046]

Moreover, with respect to the classifying point for use in classifying material
ores, not particularly limited, a classifying point for use in producing an ore slurry
composed of ore particles having a desired particle diameter value or less can be
appropriately set.

10047]

More specifically, for example, by setting the classifying point to about 1.4
mm, the classifying process can be carried out by using a sieve with a mesh having
an opening of 1.4 mm. By carrying out the classifying process in this manner, ore
particles having a grain size larger than 1.4 mm remaining on the sieve, that 1s,
oversized ore particles, are removed together with pebbles, tree roots and the like.
Additionally, the removed oversized ore particles are recovered in a separated
manner, and if necessary, these are loaded and added to a solid-liquid separation
device for use in an ore slurry condensing step S3 in the following step. This will
be described later in detail.

[0043]

On the other hand, the ore particles under the sieve (under the mesh) that
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have passed through the mesh of the sieve are small ore particles having a grain size
of 1.4 mm or less, that is, undersized ore particles. These undersized ore particles
are recovered in the pulverizing/classifying step S1 as a coarse ore slurry and
transferred to the next step.

[0049]

(Grain Size Measuring Step)

Next, in a grain size measuring step S2, the grain size of the coarse ore slurry
obtained in the pulverizing/classifying step S1 is measured. That is, the grain size
of the undersized ore particles classified based upon a predetermined classifying
point in the pulverizing/classifying step S1 1s measured.

[0050]

More specifically, in the grain size measurements of the ore slurry, a
predetermined amount of the coarse ore slurry is sampled, and the volume-average
grain size (mv value) of the sampled coarse ore slurry is measured by using, for
example, a microtrack grain size measuring device, or the like.

[0051]

Moreover, in the grain size measuring step S2, a determination is made as to
whether or not the grain size of the coarse ore slurry that has been subjected to the
grain size measurements is a predetermined value or less. In this case, as the

predetermined value of the grain size, although it defers depending on the material

ore to be used, the value is determined as a grain size value at which the viscosity
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of an ore slurry to be produced is raised to initially cause a failure in transportation
when the resulting ore slurry is transported to the next step by using a transporting
pump or the like.

[0052]

As described above, in the processes of the pulverizing/classitying step S1,
one portion of ore particles becomes fine due to grain size deviations of the raw
material ores and the pulverizing process, with the result that the grain size of the
coarse ore slurry composed of the undersized ore particles that have been classified
based upon a predetermined classifying point might sometimes be shifted in such a
direction as to be made smaller. When the grain size is shifted in such a direction
as to be made smaller, the viscosity of the ore slurry gradually rises, resulting in a
failure to transport the ore slurry.  For this reason, in the grain size measuring step
S2, first, the grain size of the coarse ore slurry obtained through the
pulverizing/classifying step S1 is measured, and determined as to whether or not the
ore slurry resulting from the coarse ore slurry is lower than the grain size that might
cause a rise in the viscosity, and the subsequent failure in transportation.

[0053]

More specifically, as the grain size by which the viscosity of the ore slurry 1s
raised to initially cause a failure in transportation, such a grain size that causes the
yield stress of the resultant ore slurry to exceed 200 Pa is preferably used. Ina

transporting pump generally used in a metal refining process using an ore shurry,
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when the yield stress of the ore slurry exceeds 200 Pa, a transporting tailure occurs,
making it impossible to transport the ore slurry. In the event of this transporting
failure, the corresponding plant might be temporarily stopped to cause a serious
reduction in operation efficiency. Therefore, although a detailed explanation will
be given later, by using the grain size that causes the grain size of the coarse ore
slurry subjected to the grain size measurement to exceed 200 Pa as an index, and by
determining whether the index grain size is exceeded or not, the viscosity rise of the
ore slurry is suppressed, thereby making it possible to prevent the occurrence ot a

transporting failure or the like.

[0054]

With respect to the grain size conditions of the ore slurry, although slightly
different depending on the kinds of material ores to be used, the yield stress of the
ore slurry is made to exceed 200 Pa in the case when the particle diameter of the ore
slurry is less than 20um.  For this reason, the predetermined value of the grain size
of the ore slurry can be set to 20um, and the determination can be made based upon
whether or not the value is lower than 20um (less than 20pm).

[0055]

(Ore Slurry Condensing Step)

In the ore slurry condensing step S3, a coarse ore slurry containing
undersized ore particles obtained by the classifying process is loaded 1nto a

solid-liquid separation device, and moisture contained in the coarse ore slurry is
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separated and removed to condense the ore components to obtain an ore slurry.
10056}

More specifically, in the ore slurry condensing step S3, the coarse ore slurry
is loaded into a solid-liquid separation device, such as, for example, a thickener or
the like, and the solid component is precipitated, and taken out from the lower
portion of the device, while on the other hand, moisture forming a supernatant 1s
overflowed from the upper portion of the device; thus, a solid-liquid separating
process is carried out. By this solid-liquid separating process, the moisture in the
coarse ore slurry is reduced, and the ore components in the slurry are condensed so
that an ore slurry containing a solid component concentration of about 40 weight%o
can be obtained.

[0057]

In the ore slurry condensing step S3, prior to the loading ot the coarse ore
slurry into the solid-liquid separation device, if necessary, a coagulant may be
added thereto. By adding a coagulant thereto in this manner, the aggregation ot
the solid components in the coarse ore slurry is accelerated so that the precipitation
can also be accelerated. As the coagulant to be added, for example, a polymeric
coagulant may be used, and various kinds thereof having various molecular weights
can be used. Moreover, the coagulant is appropriately diluted and by being mixed
with the coarse ore slurry to be sufficiently made in contact therewith so that 1ts

effect is exerted. For this reason, in order to be sufficiently made in contact with
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the coarse ore slurry, the coagulant after having been diluted 1s preferably added
into the flow of the coarse ore slurry, for example, at a feed-well portion of the

thickener.
[0058]

In the method for producing an ore slurry in accordance with the present
embodiment, in the case when the grain size of the coarse ore slurry measured 1n
the grain size measuring step S2 is lower than the above-mentioned predetermined
value in the ore slurry condensing step S3, one portion of the oversized ore particles
removed in the pulverizing/classifying step S1 is loaded and added to the
solid-liquid separation device together with the coarse ore slurry.

[0059]

In the case when the grain size of the coarse ore slurry composed of the
undersized ore particles classified in the pulverizing/classifying step Slis lower
than the predetermined value, one portion of the oversized ore particles that have
been removed is loaded and added to the solid-liquid separation device in this
manner so that it is possible to suppress a rise in the viscosity of the resulting ore

slurry.

[0060]

In other words, even in the case when the ore particles constituting a coarse
ore slurry form fine particles by the pulverizing process, with its grain size being

shifted in such a direction as to be made smaller, by loading and adding one portion
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of the oversized ore particles that have been removed, together with the coarse ore
slurry, one portion of the ore slurry to be condensed is allowed to form particles
with a large particle diameter. For this reason, the grain size of the entire ore
particles to be processed becomes greater, thereby making it possible to suppress a
rise in viscosity of the ore slurry.  Since the viscosity rise is suppressed in this
manner, it is possible to effectively prevent a transporting failure of the ore slurry,
and consequently to effectively transport the ore slurry to, for example, a metal
refining process or the like.

10061 ]

With respect to the size of the oversized ore particles to be loaded and added,
although not particularly limited, those having an adjusted particle diameter of 20 to
100um are preferably added. In the case when the particle diameter ot the ore
particles is less than 20um, the effect for suppressing the viscosity rise in the ore
slurry might not be obtained sufficiently. In contrast, in the case when the particle
diameter of the ore particles is greater than 100um, although the ettect for
suppressing the viscosity rise in the ore slurry is sufficiently obtained, deviations 1n
the particle diameter size of the resulting ore slurry tend to become greater, and its

specific surface area becomes smaller. Consequently, the reactivity of the ore

shurry to be used as a material for a metal refining process or the like, that 1s, for
example, the leach efficiency of a polyvalent metal, or the like, might deteriorate.

Therefore, by adding those ore particles having an adjusted particle diameter ot
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about 20 to 100um, the viscosity rise of the ore slurry can be more eftectively
suppressed, and the reduction of the reactivity of the resulting ore slurry 1s
suppressed so that the refining process or the like can be effectively carried out.
[0062]

Upon adjusting the particle diameter of the oversized ore particles, the
particle diameter adjusting method is not particularly limited, and, for example, a
general-use pulverizer, such as a ball mill, a rod mill, an AG mill or the like used n
the aforementioned pulverizing process, may be used for the adjusting process.
Moreover, the grain size measurements of the adjusted ore particles may be carried
out by using a microtrack grain size measuring device or the like.

[0063]

Moreover, although not particularly limited, the added amount of the
oversized ore particles is preferably set to a ratio in a range of 1 to 30 weight%
relative to the entire ore particles to be loaded into the solid-liquid separation device,
that is, the entire ore particles including the ore particles in the coarse ore slurry and
the oversized ore particles to be added thereto. In the case when the added amount
of the ore particles is less than 1 weight% relative to the entire ore particles, since
the existence ratio of the large particles is too low, it might be difficult to
sufficiently obtain the effect for suppressing the viscosity rise of the ore slurry. In
contrast, in the case when the added amount of the ore particles exceeds 30

weight% relative to the entire ore particles, the reactivity of the ore slurry might
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deteriorate. Therefore, by adding the oversized ore particles at a ratio of 1 to 30
weight% relative to the entire ore particles, it becomes possible to more effectively
suppress the viscosity rise of the ore slurry and also to suppress the reduction of the
reactivity of the resulting ore slurry, thereby making it possible to etfectively carry
out a refining process and the like.

[0064]

As described above, in the method for producing an ore slurry in accordance
with the present embodiment, the grain size of the coarse ore slurry composed ot
the undersized ore particles classified in the pulverizing/classifying step S1 1s
measured. Then, in the case when the grain size of the measured coarse ore slurry
is lower than a predetermined value, one portion of the oversized ore particles
removed in the pulverizing/classifying step S1 is loaded and added to the
solid-liquid separation device together with the coarse ore slurry so that an ore
slurry 1s produced.

[0065]
With this arrangement, even when fine particles are generated in the

pulverizing process, the aggregation of mutual fine particles is intervened so that
the viscosity of the ore slurry is prevented from rising. Moreover, by preventing
the viscosity rise in this manner, it is possible to effectively prevent a transporting

failure of the ore slurry so that the ore slurry is effectively used for, for example, a

metal refining process or the like, without the necessity of preparing a new facility
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or the like.
10066}

As the method for measuring the viscosity of the ore slurry, although not
particularly limited, for example, a rheometer or the like may be used for carrying
out the measurements. Moreover, the viscosity of the ore slurry can be calculated
as a yield stress obtained from a slump test.

[0067]

The slump test, which is a well-known method for use in an actual operation
site for dealing with the ore slurry, is a method similar to a concrete slump testing
method (JIS A 1101). The slump test has measuring processes in which a
cylindrical pipe is filled with a slurry, and allowed to stand upright on a horizontal
surface, and by gently drawing only the pipe upward, the pillar of the slurry 1s
expanded in its bottom portion to cause the height to become lower by its own
weight; thus, the measurements are carried out by utilizing this fact. That 1s,
supposing that the height of the cylindrical pipe is Hg (= the height of the slurry
column immediately after drawing the pipe), that the height of the slurry after

having been deformed by its own weight thereafter is H;, and that the rate of change

is S, S is represented by the following formula (1), and by substituting the density
v[g/L] of the slurry for the following formula (2), a yield stress [Pa] can be

obtained.

S = (Ho — Hl)/HO (1)
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Yield stress [Pa] = 0.5 x (1 —S%°) xyx 0.98 x Hy ... (2)

[0068]
<1-3. Concerning Production Flow>

Next, referring to a flowchart shown in Fig. 2, the following description will
discuss a production flow of an ore slurry in accordance with the present
embodiment. Additionally, the particle diameter and the added amount of the ore
particles or the device to be used and the like explained by reference to the
production flow are exemplary only, and needless to say that the present invention
is not intended to be limited by these.

[0069]

First, in step S11, for example, material ores, such as, for example, nickel
oxide ores, are pulverized by using a general-use pulverizer, and classified by using
a sieve with a mesh having, for example, an opening of 1.4 mm.

[0070]

Next, in step S12, undersized ore particles obtained by the classitying
process in step S11 are recovered, and formed into a coarse ore slurry.  On the
other hand, since the oversized ore particles thus classified are ore particles having
a small content of metals, such as, for example, nickel, these are removed and
recovered in a separated manner.

10071}

In step S13, the grain size of a coarse ore slurry composed of the undersized
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ore particles is measured. The grain size measurements are carried out by using,
for example, a microtrack grain size measuring device or the like so that the
volume-average diameter (mv) or the like 1s calculated.

[0072]

Moreover, in step S14, a determination is made as to whether or not the
measured grain size of the coarse ore slurry measured 1n step S13 1s lower than a
predetermined value. As the predetermined value, such a grain size value 1s used
at which the viscosity of an ore slurry produced from the coarse ore slurry and
subjected to the grain size measurements is raised to initially cause a failure in
transportation of the ore slurry, that is, for example, a grain size that causes the ore
slurry to have a yield stress exceeding 200 Pa is used. In this case, since the grain
size condition by which the yield stress of the ore slurry exceeds 200 Pa 1s less than
20um, determination may be made as to whether or not the grain size of the ore
slurry is lower than 20um (less than 20pm).

[0073]
In step S14, in the case when the grain size of the coarse ore slurry is not

lower than the predetermined value (in the case of No), the sequence proceeds to
step S15, while in the case when the measured grain size of the coarse ore slurry 1s
lower than the predetermined value (in the case of Yes), the sequence proceeds to

step S16.

(0074]
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First, in the case when it is determined in step S14 that the grain size of the
coarse ore slurry is not lower than the predetermined value (No), in step S15, the
entire amount of the coarse ore slurry is loaded and added into a solid-liquid
separation device, such as a thickener or the like, and prepared for a condensing
process of the ore components in step S18.

[0075]

In contrast, in the case when it is determined in step S14 that the grain size of
the coarse ore slurry is lower than the predetermined value (Yes), in step S16, the
oversized ore particles removed and recovered in step S12 are adjusted and formed
into particles having a grain size, for example, in a range from 20 to 100pm. This
grain size adjustment can be carried out by using a general-use pulverizer in the
same manner as in the pulverizing process in step S11.  Then, in step S16, the
grain size of the ore particles obtained by adjusting the grain size on demand 1s
measured, and it is confirmed as to whether or not the grain size 1s adjusted to a
desired value. Next, the sequence proceeds to step S17.

[0076]

In step S17, the ore particles (oversized ore particles) that have been
particle-diameter adjusted in step S16 are loaded and added into the solid-liquid
separation device. At this time, the added amount of the oversized ore particles 1s
preferably set to a ratio in a range of 1 to 30 weight% relative to the entire ore

particles to be loaded into the solid-liquid separation device, that is, for example,
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the entire ore particles including the ore particles in the coarse ore slurry added in
step S15 and the oversized ore particles to be added 1n step S17.
[0077]

Moreover, in step S18, the coarse ore slurry prepared and loaded into the
solid-liquid separation device in step S15 or the coarse ore slurry containing one
portion of the oversized ore particles is subjected to a condensing process. The
condensing process separates and removes moisture contained in the coarse ore
slurry therefrom so as to condense the ore components.  After the condensing
process, an ore slurry is obtained.

[0078]

As described above, in the production flow of the ore slurry in accordance
with the present embodiment, the grain size of the coarse ore slurry composed of
the undersized ore particles obtained by pulverizing an classifying material ores 1s
measured, and it is determined whether or not the particle diameter of the ore
particles is lower than a predetermined value. Then, in the case when the grain
size of the coarse ore slurry is not lower than the predetermined value, the coarse
ore slurry, as it is, is loaded into the solid-liquid separation device so that the ore
components are condensed to form an ore slurry.  In contrast, in the case when the
measured grain size of the coarse ore slurry is lower than the predetermined value,
one portion of the oversized ore particles removed in the pulverizing/classifying

process of the raw material ores is loaded and added to the solid-liquid separation
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device together with the coarse ore slurry and subjected to the condensing process.
10079]

By producing the ore slurry in this manner, 1t becomes possible to suppress
the slurry viscosity from rising due to the fact that the ore slurry 1s composed of fine
ore particles, and also to prevent the occurrence of a transporting failure upon
transporting the ore slurry through a transporting pump.

[0080]

The above-mentioned method of producing an ore slurry is desirably applied,
for example, to a producing process for an ore slurry to be used in a metal refining
method for recovering polyvalent metals from raw material ores, and in particular,
is more effectively applied to a producing process for an ore slurry to be used in a
wet metal refining method to which a high-temperature pressure acid leaching
method (HPAL method) by the use of sulfuric acid 1s applied.

(0081] ’

The HPAL method, which is utilized as a wet refining method for recovering
nickel and cobalt from nickel oxide ores containing nickel and cobalt, includes
processes in which sulfuric acid is added to an ore slurry obtained from the nickel
oxide ores and this is leached at high temperature and high pressure to obtain a
leached liquid containing nickel and cobalt. In this HPAL method, in the initial

stage of the leaching process, high temperature conditions are prepared by

converting high-temperature water vapor to high temperature by using a heat
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exchanger.
[0082]

At this time, in the case when the ore slurry to be used for leaching has a
high yield stress, for example, as high as 200 Pa or more, the transported ore slurry
is adhered to the wall face and the members of the heat exchanger to be anchored
thereon in the initial stage after having been loaded into the heat exchanger, without
being allowed to flow, resulting in a clogged device to cause a serious reduction of
the heat exchanging efficiency. When such a circumstance occurs, it becomes
difficult to increase the temperature to a desired high-temperature condition to
cause a reduction in the leaching efficiency of nickel and cobalt.

10083 ]

However, as described above, by using the method of producing an ore
slurry in accordance with the present embodiment, it becomes possible to produce
an ore slurry in which the rise of the slurry viscosity is suppressed, and when the
HPAL method is carried out by using the resulting ore slurry, it becomes possible to
prevent a transporting failure to a leaching process and also to prevent a reduction
in the heat exchanging efficiency so that a leaching process is effectively carried

out efficiently.

[0084]

<2. Metal Refining Method (Wet Refining Method for Nickel Oxide Ore)>

Next, the following description will discuss a wet refining method for
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recovering nickel and cobalt from nickel oxide ores by the HPAL method by using
an ore slurry produced via the method of producing the above-mentioned ore slurry.
00835 ]

Fig. 3 shows one example of a process diagram of a wet refining method for
nickel oxide ores by the use of a high-temperature pressure acid leaching method.
As shown in Fig. 3, the wet refining method for nickel oxide ores includes an ore
slurry producing step S21 for pulverizing and classifying nickel oxide ores as well
as for condensing ore components to produce an ore slurry, a leaching step S22 for
leaching nickel and cobalt from the resultant ore slurry, a solid-liquid separation
step S23 for solid-liquid separating the resultant leached slurry into a leached liquor
and leached residues, a neutralizing step S24 for neutralizing the leached liquor to
be separated into a mother liquor for use in recovering nickel and a neutralized
deposit slurry, and a sulfidizing step S25 for blowing a hydrogen sulfide gas into a
sulfuric acid serving as a mother liquor to carry out a sulfidizing reaction so that a
sulfide containing nickel and a barren liquor. The following description will

discuss the respective steps in more detail.
[0086]
(Ore Slurry Producing Step)
In the ore slurry producing step S21, first, nickel oxide ores serving as raw
material ores are pulverized and classified based upon a predetermined classifying

point so that a coarse ore slurry composed of the resultant classified and undersized
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ore particles is produced. Then, by carrying out a solid-liquid separation process
on the resultant coarse ore slurry, moisture is removed therefrom to condense the
ore components so that an ore slurry is produced.

[0087]

More specifically, the ore slurry producing step S21 in the metal refining
method in accordance with the present embodiment includes a
pulverizing/classifying step in which raw material ores are pulverized and classitied
at a predetermined classifying point so as to remove oversized ore particles and
obtain a coarse ore slurry composed of the undersized ore particles, a grain size
measuring step in which the grain size of the coarse ore slurry obtained in the
pulverizing/classifying step is measured, and an ore slurry condensing step in which
the coarse ore slurry is loaded into a solid-liquid separation device so that moisture
contained in the coarse ore slurry is separated and removed therefrom so that the
ore components are condensed.

[0088]
Moreover, in the ore slurry producing step S21, in the case when the grain

size of the coarse ore slurry measured in the grain size measuring step is lower than
a predetermined value, one portion of the oversized ore particles removed in the

pulverizing/classifying step is loaded and added into the solid-liquid separation

device in the ore slurry condensing step.

[0089]
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In accordance with the ore slurry producing step S21, it 1s possible to
produce an ore slurry that can suppress the rise of the slurry viscosity, and 1t 1s also
possible to transport the slurry to the next leaching process efficiency by using a
general-use transporting pump or the like, without causing a transporting failure or
the like.

[0090]

As the concentration of the ore slurry to be produced in the ore slurry
producing step S21, although not particularly limited, it is preferably adjusted in a
range from 15 to 45 weight%.

10091}
(Leaching Step)

In the leaching step S22, sulfur acid is added to the ore slurry obtained in the
ore slurry producing step S21, and this is stirred at a temperature from 220 to 250°C
so that a leached slurry composed of a leached liquor and leached residues 1s
formed. In the leaching step S22, for example, a high-temperature pressurizing

container (autoclave) is used.

10092}

More specifically, in the leaching step S22, leaching reactions and

high-temperature thermal hydrolyzing reactions represented by the following

formulas (1) to (5) are carried out so that nickel, cobalt and the like are leached out

as sulfates, and the leached iron sulfate is fixed as hematite. However, since the
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fixation of iron ions does not progress completely, the liquid portion of the leached
slurry thus obtained normally contains divalent and trivalent iron ions except for

nickel, cobalt and the like.
[0093]
- Leaching Reactions
MO + H,SO4 => MSO4 + H,0 ... (1)
(where in the formula, M represents Ni, Co, Fe, Zn, Cu, Mg, Cr, Mn or the like)
2Fe(OH); + 3H,S04 => Fe,(S04); + 6HL0 ... (2)
FeO + H,SO, => FeSO4 + H,O ... (3)
- High-Temperature Thermal Hydrolyzing Reaction

2FeSO, + H,SO,4 + 1/20, => Fey(S0y4)5 + H,0 ... (4)

Fe,(SO4); + 3H,0 => Fe,O3 + 3H,SOy ... (5)
[0094]

Although not particularly limited, the added amount of sulfuric acid in the
leaching step S22 is set to such an excessive amount as to leach iron out of the ores.
For example, the amount is set in a range from 300 to 400 kg per ton. In the case

when the added amount of sulfuric acid per ton of ores exceeds 400 kg, this state 1s
not desirable because of high costs of sulfuric acid.
[0095]
(Solid-Liquid Separation Step)

In the solid-liquid separation step S23, the leached slurry formed in the
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leaching step S22 is washed by using a multi-stage washing process so that a
leached liquor containing nickel and cobalt and leached residues are obtained.
[0096]

As the multi-stage washing process in the solid-liquid separation process S23,
although not particularly limited, a continuous countercurrent washing method
(CCD method: counter current decantation) in which the leached slurry is made in
contact with a countercurrent serving as a washing solution without containing
nickel is preferably used. By using this process, a washing solution to be newly
introduced into the system can be reduced, and the recovery rate of nickel and
cobalt can be set to 95% or more.

10097]

(Neutralizing Step)

[n the neutralizing step 24, calcium carbonate is added to the leached liquor
separated in the solid-liquid separation step S23, while suppressing oxidation of the
leached liquor, so that the pH of the leached liquor is set to 4 or less, and a
neutralized deposit slurry containing a mother solution for use in recoverying nickel

and trivalent iron is formed. In the neutralizing step S14, by carrying out the
neutralizing process of the leached liquor in this manner, the excessive acid used 1n
the leaching step S22 by the use of a high-temperature pressure acid leaching

treatment is neutralized, while trivalent iron ions, aluminum ions and the like

remaining in the liquid are being simultaneously removed.
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[0098]
In the neutralizing step S24, the pH of the leached liquor to be adjusted 1s set
to 4 or less, and more preferably, to 3.2 to 3.8.  'When the pH of the leached liquor
exceeds 4, more nickel hydroxides are generated.

(0099]

Moreover, in the neutralizing step S24, upon removing trivalent iron 10ns
remaining in the solution, it is preferable not to oxidize iron 1ons that are present as
divalent ions in the solution. For this reason, it is preferable to prevent oxidation
of the solution caused by, for example, air blowing or the like, to the utmost extent.

With this arrangement, the amount of consumption of calcium carbonate and the
increase of the amount of generation of the neutralized deposit slurry, caused by
removal of divalent iron ions, can be suppressed. That is, 1t 1s possible to suppress

a nickel recovery loss from the deposit due to the increase of the amount of the

neutralized deposit slurry.
[0100]

Moreover, the neutralized deposit slurry obtained in the neutralizing step 524
can be transported to the solid-liquid separation step S23, if necessary. With this
arrangement, nickel contained in the neutralized deposit slurry can be effectively
recovered. More specifically, by returning the neutralized deposit slurry to the
solid-liquid separation step S23 that is operated under a low PH condition, the

dissolution of adhesion water of the neutralized deposit and the nickel hydroxides
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generated by local reactions on the surface of the neutralized deposit can be
accelerated simultaneously with the washing process of the leached residues, so that
the nickel components to cause a recovery loss can be reduced. Additionally, one
portion of iron hydroxides is also re-dissolved simultaneously with nickel, with the
result that a neutralizer is again required for fixing leached trivalent iron 10ns 1n
some cases. For this reason, from these viewpoints also, it is desirable to cut the
amount of the neutralized deposit without allowing divalent iron ions to be
oxidized.

[0101]

The reaction temperature in the neutralizing step S24 is preferably set to 50
to 80°C. In the case when the reaction temperature is less than 50°C, the
neutralized deposit containing trivalent iron ions to be thus formed becomes too
fine to cause bad influences to the process of the solid-liquid separation step S23 n
which the neutralized deposit is circulated, if necessary. In contrast, in the case
when the reaction temperature exceeds 80°C, an increase of energy costs is caused

due to a reduction of anticorrosion property of the device materials and a heating

process.

10102]

(Sulfidizing Step)

In the sulfidizing step S25, by blowing a hydrogen sulfide gas into a sulfuric

acid solution serving as a mother liquor for use in recovering nickel obtained in the
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neutralizing step S24, a sulfidizing reaction is caused so that a sulfide containing
nickel and a barren liquor are produced.
[0103]

The mother liquor is a sulfuric acid solution that 1s obtained by leaching the
ore slurry as described above through the neutralizing step S24. More specifically,
the sulfuric acid has a pH in a range from 3.2 to 4.0, a nickel concentration 1n a
range from 2 to 5 g/L and a cobalt concentration in a range from 0.1 to 1.0 g/L, and
also contains iron, magnesium, manganese, etc., as impurity components.

Although the impurity components differ greatly depending on the
oxidation-reduction potential for leaching, operation conditions of the autoclave and
qualities of ores, they generally contain about several grams/L of iron, magnesium
and manganese. In this case, although comparatively high amounts of the
impurity components are present relative to nickel and cobalt to be recovered, alkali
earth metals, such as iron, manganese, alkali metals, magnesium, etc., which are
low in stability as sulfides, are not contained in the sulfides to be generated.

10104]

Moreover, in the case when zinc is contained in the mother liquor, prior to
the process for generating nickel or the like as sulfides by a sulfidizing reaction, a
process for selectively separating zinc as a sulfide may be carried out. In the

process for selectively separating zinc, by suppressing a rate of sulfidizing reaction

by providing conditions that weaken the process upon carrying out a sulfidizing
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reaction, coprecipitation of nickel having a higher concentration than that of zinc 1s
suppressed, and zinc is selectively removed.
[01035]

In the sulfidizing step S25, sulfides containing nickel having a small impurity
content and a barren liquor in which the nickel concentration is stabilized 1n a low
standard are generated and recovered. More specifically, a slurry of sulfides
obtained by a sulfidizing reaction is subjected to a precipitation-separation process
by using a precipitation-separation device, such as a thickener or the like, so that
sulfides that are deposits are separated and recovered from the bottom portion of the
thickener, while aqueous solution components are overflowed and recovered as a
barren liquor. Additionally, this barren liquor has a pH in a range from about 1 to
3, and contains impurity elements, such as iron, magnesium, manganese, €tc.,
included therein without being sulfidized.

[0106]

In the sulfidizing step S25, a sulfide (nickel sulfide) containing nickel having
an average particle diameter that is adjusted so as to be larger than a predetermined
size may be added to the sulfuric acid solution as a seed crystal. With this
arrangement, upon carrying out the precipitation-separation process for separating
the sulfide slurry generated by the sulfidizing reaction into a sulfide corresponding
to the deposit and a barren liquor, it becomes possible to reduce the concentration

of fine floating solid components containing nickel in the overflow liquid, thereby
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making it possible to increase nickel components that can be formed into a deposit
as a sulfide, and consequently to reduce the recovery loss of nickel.
[0107]

The added amount of the nickel sulfide forming a seed crystal 1s preferably
set to an added amount corresponding to 4 to 6 times the nickel amount relative to
the nickel amount contained in the mother liquor. With this arrangement, it 1s
possible to suppress adhesion of generated sulfides onto the inner surface ot the
reaction container, and also to stabilize the nickel concentration in the barren liquor

in a further lower level.

(0108]

With respect to the nickel sulfide added as the seed crystal, the sulfide that
has been generated in the sulfidizing step S25 and recovered through the
precipitation-separation process, and then classified and particle-diameter-adjusted
so as to have an average particle diameter larger than a predetermined size 1s
preferably circulated and used. Additionally, if necessary, prior to the classitying

process, a process for pulverizing the sulfide may be carried out.

10109]

<3. Examples>

The following description will discuss examples of the present invention;

however, the present invention is not intended to be limited by the examples shown

below.



CA 02847149 2014-02-27

«*

44 11-432(ST22PCT)

[Examples]
[0110]
[Example 1]

In an ore slurry producing step for use in recovering nickel and cobalt from
nickel oxide ores serving as raw material ores, by a high-temperature pressure acid
leaching method (HPAL method) by the use of sulfuric acid, first, nickel oxide ores
were pulverized by using a general-use pulverizer. Then, the pulverized nickel
oxide ores were classified by using a sieve with a mesh having an opening of 1.4
mm. The undersized ore particles classified by the classitying process were
recovered so that a coarse ore slurry containing 100 g/L of solid components was
produced. On the other hand, the classified oversized ore particles were removed
and recovered 1n a separated manner.

[0111]

Next, the grain size of the coarse ore slurry was measured by using a
Microtrack Device (9320-X100, made by Nikkiso Co., Ltd.). In this case, the
erain size of the coarse ore slurry was measured to obtain a volume-average
diameter (mv) as a measured value. As a result, the particle diameter of the coarse
ore slurry was 12.48um. This particle diameter was lower than a grain size
condition (20um) that would generate a yield stress exceeding 200 Pa ot the ore
slurry to cause a transporting failure in a transporting pump used in a metal retining

process.
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Next, this coarse ore slurry was loaded into a thickener having a diameter ot
about 25 m, a height of about 5 m and a capacity ot about 2000 m° at a flow rate of
250 m’/hour, and subjected to a condensing process in which moisture was
removed therefrom to condense the ore components. At this time, the slurry,
which contained the oversized ore particles that had been removed from the
pulverizing/classifying process and contained ore particles having a particle
diameter of 21.71um, was loaded and added into the thickener at a rate ot 5
weight% relative to the entire ore particles.

[0113]

After completion of the condensing process, the resulting ore slurry was
taken out from the lower portion of the thickener.
10114]

The yield stress of the resulting ore slurry was measured by using a
rheometer (MCR301, made by Anton Paar Japan K.K.). As aresult, the yield
stress of the ore slurry was 170 Pa so that it was possible to transport the slurry to
the next leaching step by using a general-use transporting pump, without causing

any transporting fatlure, etc.

[0115]

Moreover, in the succeeding leaching step by the use of an HPAL method

also, the nickel leaching rate was 93.4%, which was a satisfactory result.
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(0116]

|[Example 2]

By carrying out a pulverizing/classifying process on nickel oxide ores
serving as raw material ores in the same manner as in example 1, a coarse ore slurry
was obtained, and the same processes as those of example 1 were carried out so that
a similar ore slurry was obtained except that when the grain size of the resulting

coarse ore slurry was measured, the particle diameter of the coarse ore slurry was

14.26pm.

0117]

The yield stress of the resulting ore slurry was measured by using a
rheometer in the same manner as in example 1. As a result, the yield stress of the
ore slurry was 160 Pa so that it was possible to transport the slurry to the next
leaching step by using a general-use transporting pump, without causing any
transporting tfailure, etc.

[0118]
Moreover, in the succeeding leaching step by the use of the HPAL method

also, the nickel leaching rate was 93.2%, which was a satisfactory result.

[0119]
[Example 3]
By carrying out the pulverizing/classifying process on nickel oxide ores

serving as raw material ores in the same manner as in example 1, a coarse ore slurry
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was obtained, and the same processes as those of example 1 were carried out so that
a similar ore slurry was obtained except that when the grain size of the resulting

coarse ore slurry was measured, the particle diameter of the coarse ore slurry was

18.26um.

10120]

The yield stress of the resulting ore slurry was measured by using a
rheometer in the same manner as in example 1. As a result, the yield stress of the
ore slurry was 150 Pa so that it was possible to transport the slurry to the next

leaching step by using a general-use transporting pump, without causing any

transporting failure, etc.

[0121]

Moreover, in the succeeding leaching step by the use of the HPAL method
also, the nickel leaching rate was 93.0%, which was a satisfactory result.

10122]

|Example 4]

The same processes as those of example 1 were carried out except that a
slurry containing oversized ore particles was loaded and added to a thickener at a
rate of 1 weight% relative to the entire ore particles together with a coarse ore slurry

so that an ore slurry was produced.

10123]

The yield stress of the resulting ore slurry was measured by using a



CA 02847142 2014-02-27

43 11-432(ST22PCT)

rheometer in the same manner as in example 1.  As a result, the yield stress of the
ore slurry was 190 Pa so that it was possible to transport the slurry to the next
leaching step by using a general-use transporting pump, without causing any
transporting failure, etc.
[0124]

Moreover, in the succeeding leaching step by the use of the HPAL method

also, the nickel leaching rate was 93.5%, which was a satisfactory result.

[0125]
|Example 5}

The same processes as those of example 1 were carried out except that a
slurry containing oversized ore particles was loaded and added to a thickener at a
rate of 10 weight% relative to the entire ore particles together with a coarse ore
slurry so that an ore slurry was produced.
[0126]

The yield stress of the resulting ore slurry was measured by using a
rheometer in the same manner as in example 1.  As a result, the yield stress of the

ore slurry was 140 Pa so that it was possible to transport the slurry to the next
leaching step by using a general-use transporting pump, without causing any
transporting failure, etc.

10127]

Moreover, in the succeeding leaching step by the use of the HPAL method
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also, the nickel leaching rate was 92.9%, which was a satisfactory result.
[0128]
[Example 6]

The same processes as those of example 1 were carried out except that a
slurry containing oversized ore particles was loaded and added to a thickener at a
rate of 20 weight% relative to the entire ore particles together with a coarse ore
slurry so that an ore slurry was produced.

[0129]

The yield stress of the resulting ore slurry was measured by using a
rheometer in the same manner as in example 1. As a result, the yield stress of the
ore slurry was 100 Pa so that it was possible to transport the slurry to the next
leaching step by using a general-use transporting pump, without causing any
transporting failure, etc.

10130]
Moreover, in the succeeding leaching step by the use of the HPAL method

also, the nickel leaching rate was 92.8%, which was a satisfactory result.

[0131]
[Example 7}
The same processes as those of example 1 were carried out except that a

slurry containing oversized ore particles was loaded and added to a thickener at a

rate of 30 weight% relative to the entire ore particles together with a coarse ore
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slurry so that an ore slurry was produced.
[0132]

The yield stress of the resulting ore slurry was measured by using a
rheometer in the same manner as in example 1. As a result, the yield stress of the
ore slurry was 90 Pa so that it was possible to transport the slurry to the next

leaching step by using a general-use transporting pump, without causing any

transporting failure, etc.
[0133]

Moreover, in the succeeding leaching step by the use of the HPAL method
also, the nickel leaching rate was 92.9%, which was a satisfactory result.
[0134]
[Example 8]

The same processes as those of example 1 were carried out except that a
slurry containing oversized ore particles was loaded and added to a thickener at a
rate of 40 weight% relative to the entire ore particles together with a coarse ore
slurry so that an ore shurry was produced.
[0135]

The yield stress of the resulting ore slurry was measured by using a
rheometer in the same manner as in example 1. As a result, the yield stress of the

ore slurry was 70 Pa so that it was possible to transport the slurry to the next

leaching step by using a general-use transporting pump, without causing any



CA 02847149 2014-02-27

s
»

51 11-432(ST22PCT)

transporting failure, etc.
[0136]

On the other hand, in the succeeding leaching step by the use of the HPAL
method, the nickel leaching rate was 90.5%, which was a lower rate in comparison
with the other examples.

[0137]
[Comparative Example 1] -

In comparative example 1, the same processes as those of example 1 were
carried out except that only the resulting coarse ore slurry was loaded into a
thickener so as to be subjected to a condensing process so that an ore slurry was
obtained.

(0133]

The yield stress of the resulting ore slurry was measured by using a
rheometer in the same manner as in example 1.  As a result, the yield stress of the
ore slurry was 370 Pa, with the result that since the viscosity was too high, 1t was
not possible to transport the slurry to the next leaching step by using a transporting
pump, and the operation had to be suspended and countermeasures, such as taking
out the slurry with a high viscosity adhered to the pipes and carrying out washing

processes, were required.
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CLAIMS:

1. A method for producing an ore slurry from raw material ores comprising:

a pulverizing/classitying step of pulverizing the raw material ores and classifying the
resulting ores at a predetermined classifying point so that oversized ore particles are removed

SO as to obtain a coarse ore slurry composed of undersized ore particles;

a grain size measuring step of measuring the grain size of the coarsc ore slurry

obtained by the pulverizing/classifying step; and

an ore slurry condensing step of loading the coarse ore slurry to a solid-liquid

separation device and separating and removing moisture contained in the coarse ore slurry

therefrom so as to condense ore components,

wherein in the case when the grain size measured in the grain size measuring step 1s
lower than a predetermined value, one portion of the oversized ore particles that have been

removed 1n the pulverizing/classifying step 1s loaded and added to the solid-liquid separation

device 1n the ore slurry condensing step.

2. The method for producing an ore slurry according to claim 1, wherein the
predetermined value for the grain size is set to such a value corresponding to a grain size that

causes a failure in transportation of the ore slurry due to a rise in viscosity of the ore slurry

thus produced.
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3. The method for producing an ore slurry according to claim 2, wherein the
predetermined value for the grain size corresponds to a grain size that causes a yield stress of

the ore slurry to exceed 200 Pa.

1. The method for producing an ore slurry according to claim 3, wherein the

predetermined value for the grain size 1s 20um.

S. The method for producing an ore slurry according to any one of claims 1 to 4,
wherein upon loading and adding the portion of oversized ore particles to the solid-liquid
separation device in the ore slurry condensing step, the portion of oversized ore particles are

adjusted so as to have a particle size in a range from 20 to 100um and added thereto.

6. The method for producing an ore slurry according to any one of claims 1 to 35,
wherein the portion of oversized ore particles are added at a rate of 1 to 30 weight% relative

to the entire ore particles to be loaded into the solid-liquid separation device.

7. The method for producing an ore slurry according to any one of claims 1 to 6,

wherein the raw material ores are nickel oxide ores.

8. The method for producing an ore slurry according to claim 7, wherein the ore slurry
is used for a process for recovering nickel and cobalt from the ore slurry by a

high-temperature pressure leaching method by the use of sulfuric acid.

9. A metal refining method for recovering a metal contained in raw material ores from

the raw material ores comprising:

CA 2847149 2019-02-01
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a pulverizing/classifying step of pulverizing the raw material ores and classifying the
resulting ores at a predetermined classifying point so that oversized ore particles are removed

so as to obtain a coarse ore slurry composed of undersized ore particles;

a grain size measuring step of measuring the grain size of the coarse ore slurry

obtained by the pulverizing/classifying step; and

an ore slurry condensing step of loading the coarse ore slurry to a solid-liquid
separation device and separating and removing moisture contained in the coarse ore slurry

therefrom so as to condense ore components,

wherein in the case when the grain size measured in the grain size measuring step is
lower than a predetermined value, one portion of the oversized ore particles that have been
removed 1n the pulverizing/classifying step 1s loaded and added to the solid-liquid separation

device in the ore slurry condensing step.

10. The metal refining method according to claim 9, wherein the raw material ores are

nickel oxide ores and nickel and cobalt are recovered from the nickel oxide ores.

11. The metal refining method according to claim 10, wherein an ore slurry obtained
after the ore slurry condensing step 1s added to sulfuric acid and leached out under high

temperature and high pressure so that a leached liquor containing nickel and cobalt 1s

obtained.
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