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concentrate from gangue in one or more processing steps. The present invention also relates to an apparatus for separating clay
from ore fragments comprising clay.



10

15

20

25

30

WO 2010/025519 PCT/AU2009/001160
1

METHOD AND APPARATUS FOR SEPARATING CLAY FROM ORE
FRAGMENTS

Field of the Invention

The present invention relates to a method for separating clay from ore
fragments. The present invention also relates to an apparatus for separating
clay from ore fragments.

Background

It should be understood that any discussion of the background art
throughout the specification should in no way be considered as an admission
that such background art is prior art, nor that such background art is widely
known or forms part of the common general knowledge in the field.

Water has now become a scarce commodity especially in remote areas
where treatment of ores is conducted. Water is used in the mineral and mining
industry and is typically used in processing circuits where comminution,
classification and separation of the ores occur.

Used water is typically recovered through dewatering by thickening
filtering, screening and tailings dewatering. Typically, agglomerating agents are
added during these processes.

Ores which contain significant amounts of gangue clays are usually
difficult to dewater once they are treated in a mineral processing plant due to
the presence of fine sized clays. Once the water has been added to the ore
(such as during comminution), it is difficult to separate the water from the fine
sized clays.

Mineral processing plants that treat these ores typically utilise large
amounts of water which results in subsequent problems with water recovery.
Whilst use of tailings ponds and the like attempt to address this problem, water
recovery for recycling is still difficult. This makes water a scarce commodity,
especially in continents with arid conditions such as in Australia, South Africa

and South America.
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Accordingly, the invention seeks to reduce or ameliorate the above-
mentioned disadvantages or problems or, at least, seeks to provide an

alternative to the prior art.

Definitions
The following part of the specification provides some definitions that may

be useful in understanding the description of the present invention. These are
intended as general definitions and should in no way limit the scope of the
present invention to those terms alone, but are put forth for a better

understanding of the following description.

Unless the context requires otherwise or specifically étated to the
contrary, integers, steps, or elements of the invention recited herein as singular
integers, steps or elements clearly encompass both singular and plural forms of

the recited integers, steps or elements.

Throughout this specification, unless the context requires otherwise, the
word "comprise”, or variations such as "comprises" or "comprising", will be
understood to imply the inclusion of a stated step or element or integer or group
of steps or elements or integers, but not the exclusion of any other step or
element or integer or group of elements or integers. Thus, in the context of this
specification, the term "comprising" is used in an inclusive sense and thus
should be understood as meaning "including principally, but not necessarily

solely”.

Throughout the specification, unless the context clearly indicates
otherwise, the term “clay” should be understood to include fine grained
materials which may be plastic in nature due to inherent water, and which form
suspensions in water, particularly when used in the mineral and mining field,
and more specifically in mineral processes and plants. The term “clay” should
be understood to include but are not limited to fine grained materials such as
phylosilicates, aluminosilicates, laterites and other fine grained minerals which

when used in the mining and mineral field become suspended in water.
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Summary of the Invention

According to one aspect, the invention provides a method for separating
clay from ore fragments comprising clay, comprising:
= drying the ore fragments comprising clay by exposing the ore fragments

to radiation having a frequency in the microwave to radio wave spectrum;

n separating the dried clay from the ore fragments;

" adding water to the ore fragments; and

= separating an ore concentrate from gangue in one or more processing
steps.

The step of adding water to the ore fragments may be conducted in a
comminution step, separation step or to both a comminution step and a
separation step.

The method of the invention may comprise the step of drying the ore
fragments by radiation having a frequency in the radio frequency range. The
frequency may also be in the range of 3Hz to 300MHz, 3Hz to 200MHz, or 3Hz
to 100MHz. '

The method of the invention may also comprise the step of drying the ore
fragments by radiation having a frequency in the microwave frequency range.
The step of drying the ore fragments may be achieved by radiation having a
frequency in the range of from 400MHz to 3000MHz.

The method of the invention may comprise the step of separating the
dried clay by screening the ore fragments comprising clay, tumbling the ore
fragments comprising clay or a combination of screening and tumbling the ore
fragments comprising clay.

The step of separating the dried clay may also include the use of suction
to remove the dried clay. The dried clay may be removed before the
comminution stage.

The step of separating the ore concentrate from gangue further may
comprise a dewatering step to separate the gangue from the water. The
dewatering step may include the addition of an agent, in a particularly example
one or more chemical agents which may be selected from the group consisting

of a flocculating agent, a thickening agent, an agglomerating agent and
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mixtures thereof. The step of dewatering may further comprise filtration by a
suitable filtration element of the water from the gangue.

The method of the invention may also preferably include a step of
recycling the water from the dewatering step to the comminution step,
separation step or both the comminution step and the separation step. The step
of recycling the water may also be directed to other steps in the method as
required.

The method of the invention may also be a continuous or batch method.

According to another aspect, the invention provides an apparatus for
separating clay from ore fragments comprising clay, comprising:
= a chamber for drying the ore fragments comprising clay by exposing the

ore fragments to radiation having a frequency in the microwave to radio

wave spectrum;

n a chamber for separating the dried clay from the ore fragments;
= a chamber for comminution of the ore fragments; and
. a chamber for separating an ore concentrate from gangue.

The apparatus of the invention may also comprise a chamber for
dewatering. The dewatering chamber may include an agent, in a particular
example, one or more chemical agents which may be selected from the group
consisting of a flocculating agent, a thickening agent, an agglomerating agent
and mixtures thereof. The dewatering chamber may further comprise a filtration
element to separate the water from the gangue.

In the apparatus of the invention, the chamber for separating the dried
clay from the ore fragments may comprise at least one element for screening
the dried clay and ore fragments, tumbling the dried clay and ore fragments or
both screening and tumbling the dried clay and ore fragments. In particular,
there may be present an element for screening the dried clay and ore
fragments, another element for tumbling the dried clay and ore fragments.
Further, there may be a unitary element which acts to screen and tumble the
dried clay and ore fragments.

The chamber for separating the dried clay may also include a suction

element to remove the dried clay. In particular, the unitary element which acts to
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screen and tumble the dried clay and ore fragments may also include a suction
element.

In a particular example, there may be provided a rotatable tumbler
having one or more apertures spaced apart in a longitudinal direction of the
tumbler. The rotatable tumbler may have a suction element which acts to
separate the dried clay from the ore fragments by a vacuum means connected
to the one or more apertures. The vacuum means draws the fine clay through
the one or more apertures to a separate chamber whilst the ore fragments
travel in a downward direction of the rotatable tumbler for further processing in
the apparatus of the invention. The dried clay may thus be removed before the
comminution stage.

The apparatus of the invention may also comprise a chamber for drying
the ore fragments where the radiation in the chamber has a frequency in the
radio frequency range. The radio frequency may be in the range of 3Hz to
300MHz, 3Hz to 200MHz, or 3Hz to 100MHz.

The apparatus of the invention may also comprise a chamber for drying
the ore fragments where the radiation in the chamber has a frequency in the
microwave frequency range. The microwave frequency range may be from
400MHz to 3000MHz.

The apparatus of the invention may comprise a chamber for comminution
of the ore fragments which may comprise added water. The chamber for
comminution may include a machine including but not limited to cone crushers,
roller crushers, impact crushers, tube mills and roller presses. The tube mills
may comprise ball mills, semi-autogenous mills or autogenous mills.

The apparatus of the invention may also comprise a chamber for
separating the ore concentrate from gangue which may comprise added water.
The chamber may further comprise one or more dewatering agents and a
filtering element to separate the gangue from water.

The apparatus of the invention may further comprise an element for
recycling water from the dewatering chamber or the chamber for separating the
ore concentrate from gangue to the chamber for comminution of the ore
fragments.
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The ore fragments include but are not limited to bauxite ore, nickel
laterite ores and copper ores. However, it will be appreciated that other ores
which comprise clay are also within the scope of the invention.

The method and apparatus of the invention are energy efficient methods
and apparatus which are thought to rely on the difference in the dielectric loss
factor and the average density of clay as compared to typical rock forming
minerals. The inventors have identified that the average density of clay is
significantly lower than for the corresponding rock forming minerals. The
inventors have also identified that the dielectric loss factor of clay is significantly
higher than for the corresponding rock forming minerals. This difference in
either or both of these physical properties allows for the selective and energy
efficient method of microwave or radiowave heating of clay as compared to
typical rock forming minerals. Whilst not wishing to be bound by any theory, itis
thought that the clay readily forms a dried and cracked form upon exposure {o
microwave and radio wave radiation since clay has chemically and physically
bound H,O molecules present in its microstructure.

The use of microwave and radiowave radiation provides an energy
efficient method of converting clay to a dried and cracked form where it can be
more easily separated from ore fragments by physical separation elements and

steps.

Brief Description of the Drawings

In order that the invention may be more readily understood and put into
practical effect, reference will now be made to the accompanying drawings
which illustrate preferred embodiments of the invention only, and wherein:

Figure 1 is a schematic representation of a method of conventional
mineral processing plant;

Figure 2 is a schematic representation of a method and apparatus for
separating clay from ore fragments using microwave or radio wave radiation in
accordance with the invention;

Figure 3 is a graphical representation of a dielectric loss factor and

density for clay and typical rock forming minerals;
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Figure 4 is an infra-red image of a rock fragment during microwave
heating in accordance with the invention;

Figure 5 is a picture of a rock fragment after microwave heating in
accordance with the invention;

Figure 6, Figure 7 and Figure 8 are pictures of rock fragments prior to
microwave heating; and

Figure 6A, Figure 7A and Figure 8A are pictures of the rock fragments
shown in Figure 6, Figure 7 and Figure 8, respectively, after microwave
heating and tumbling in accordance with the invention.

In Figure 1, there is shown a schematic diagram of a conventional
mineral processing method and apparatus. The term “stage” as used in the
description of‘ the invention includes a method step and corresponding
apparatus chamber. The method includes treating ore fragments which include
ore and clay. The ore comprises a value component (concentrate) and a non-
value component (gangue).

In a first comminution stage (1) of the method, fresh water is added in
one or more stages to the ore and clays. Typical machines which may be used
for comminution include crushers including but not limited to cone crushers,
roller crushers, impact crushers, tube mills (e.g. ball mills, semi-autogenous or
autogenous mills) and roller presses.

Following the first comminution stage (1), there is provided a separation
stage (2) where the value component (concentrate) is separated from the non-
value component and in this stage water may be added to assist in the
separation process. The separation stage utilises the physical characteristics
of clay which is that it is broken down into fine particles which are carried in
water. The suspension of fine particles in water allows for the water/clay
suspension to be separated from the non-value component (gangue).

A dewatering stage (3) is provided after the separation stage (2). The
dewatering stage (3) may include the addition of a thickening or flocculating
agent so as to allow for separation of the non-value component (gangue) from
the water/clay suspension.

The water/ clay suspension, however, cannot be recycled due to the

presence of the fine clays suspended in the water. These fine clays are difficult
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to separate from the water/ clay suspension. Some attempted solutions to this
problem is that the water/clay suspension is transferred to settling ponds and
the like which allows for evaporation of water. This leads to substantial loss of
water.

In Figure 2, there is shown a schematic diagram of a method of removal
of clay using microwave or radiowave radiation and apparatus according to the
invention. The term “stage” as used in the description of the invention includes a
method step and corresponding apparatus chamber.

The method comprises a stage (10) of drying the ore fragment
comprising clay using radiation in the microwave or radio frequency range.
After the drying stage (10), there is provided a screening/tumbling stage (12)
where the fine clay particles are extracted. The screening stage (12) may utilise
a rotatable tumbler (not shown) having one or more apertures spaced apart in a
longitudinal direction of the tumbler. The rotatable tumbler may have a suction
element which acts to separate the dried clay from the ore fragments by a
vacuum means connected to the one or more apertures. The vacuum means
draws the fine clay through the one or more apertures to a separate chamber
whilst the ore fragments travel in a downward direction of the rotatable tumbler
for further processing in the apparatus and method of the invention. The dried
clay is thus removed before a comminution stage (14).

The separated ore fragments are then transferred to a comminution
stage (14) where fresh water is added to the ore fragments in one or more
stages. Typical machines which may be used for comminution include crushers
including but not limited to cone crushers, roller crushers, impact crushers, tube
mills (e.g. ball mills, semi-autogenous or autogenous mills) and roller presses.
However, other suitable machines for comminution may be used.

The value component (ore concentrate) of the ores fragments is
separated from the non-value component (gangue) in a separation stage (16).
Water is added in one or more stages in this step of the method. Since the
clays have been removed from the ore fragments, recycled water from a
dewatering stage (18) (as will be described below) may be used in this stage.

The dewatering stage (18) includes the use of an agent, in a particular
example, one or more chemical agents which may be selected from the group
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consisting of a flocculating agent, a thickening agent, an agglomerating agent
and mixtures thereof. The agent assists in the separation of the water from the
gangue. The dewatering stage (18) further comprises a filtration element (not
shown) to separate the water from the gangue.

The water from the dewatering stage (18) can then be recycled back into
the comminution stage (14), the separation stage (16) or both of the
comminution stage (14) and the separation stage (16).

The advantage of using radiation in the microwave or radio frequency
range is demonstrated in the graphical representation as shown in Figure 3
which shows the dielectric loss factor and average density for clay as compared
to particular rock forming minerals which are selected from quartz, dolomite,
kaolin, mica, calcite, amphibole, chlorite, feldspar and muscovite.

In a specific example of this invention, the advantage of using radiation in
the radio frequency range is that the dielectric loss factor of water rapidly
increases at a frequency range less than 100MHz. In an embodiment where
radiation is used in the microwave frequency range, drying can be performed
using radiation having frequencies from 400MHz to 3000MHz. A specific
frequency used may be selected from the group consisting of 433MHz, 915MHz
or 2450MHz.

As can be seen in Figure 3, the dielectric loss factor and the average
density of clay as compared to the rock forming minerals is significantly different
than for the corresponding minerals. The inventors have identified that the
difference in either or both of these properties allows for the selective
microwave or radiowave heating of clay as compared to typical rock forming
minerals.

it has also been identified that a practical application of the selective
heating of the clay as opposed to the typical rock forming minerals is that since
the combination of the dielectric loss factor and average density for clay is
significantly different than the typical rock forming minerals, the clay can
surprisingly be exposed to microwave and radio wave radiation so as to result in
a dried and cracked physical form. The use of microwaves and radio waves is
more energy efficient when compared to conventional convection heating
methods, eg using hot air, radiation elements, etc.
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It is thought that the clay readily forms a dried and cracked form upon
exposure to microwave and radiowave radiation since clay has chemically and
physically bound H,O molecules present in its microstructure. The use of
microwave and radiowave radiation provides an energy efficient method of
converting clay to a dried and cracked form where it can be more easily
separated from ore fragments by physical separation elements and steps.

Figure 3 also demonstrate that the dielectric properties of clays are
significantly different from the dielectric properties of typical rock forming
minerals. Whilst not wishing to be bound by any theory, it is considered that the
principal reasons for this are size, compositions of clays forming grains and the
presence of chemically and physically bound water in clays. The dielectric loss
factor for clays may be in the range of 1.3 to 2.5 at a frequency of 2.45GHz
which is more than a magnitude higher than values for the dielectric loss factor
of typical rock forming minerals as shown in Figure 3. Further, the average
density of clay is substantially around 1000kg/m® which is two to three times
lower than density of typical rock forming minerals. These differences indicates
the possibility for using microwave or radiowave heating of rock fragments
covered with clay, for selective heating of clay as compared to rock forming
minerals.

Figure 4 illustrates by way of an infra-red image, the difference in the
rate of heat absorption of the clays as opposed to the rock forming minerals
such as quartz, kaolin, and other minerals. Figure 4 also demonstrates that the
difference in physical properties of the clay as opposed to typical rock forming
minerals results in the selective heating of the clay as compared to the rock
forming minerals.

Figure 5 illustrates a rock fragment comprising clay after exposure to
microwave radiation. It should be noted that this picture illustrates the dried
cracked nature of clay after exposure to microwave radiation. As discussed
above, it is thought that this is due to the fact that clay has chemically and
physically bound water in its microstructure. The use of microwave radiation is
thought to remove the bound water to result in dried, cracked clay whilst the ore

fragments are largely unchanged in physical form. Figure 5 illustrates that
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dielectric loss factor and average density of clays are useful indicators which
can be utilised to separate clays from rock forming minerals.

Figure 6, Figure 7 and Figure 8 demonstrate the rock fragments prior to
exposure with microwave radiation. Figure 6A, Figure 7A and Figure 8A
demonstrate the dried cracked nature of the clay after exposure to microwave
radiation together with a further treatment of tumbling for a period of time of
about 10 seconds. It is noted that these representations illustrate that the clays
after being treated by the methods and apparatus of the invention are
essentially of a dried and cracked form which results in smaller particle sizes
which can be easily separated from the ore fragments by physical separation
steps or means.

The advantages of the apparatus and method of the invention may
include one or more of the following:

o substantial saving of water in mineral processing plants and methods
. reduction or elimination of the use of tailings ponds
. more energy efficient method of removing clay from ore fragments.

Those skilled in the art will appreciate that the invention described herein
is susceptible to variations and modifications other than those specifically
described. It is to be understood that the invention includes all such variations
and modifications. The invention also includes all of the steps, features,
compositions and compounds referred to or indicated in this specification,
individually or collectively, and any and all combinations or any two or more of
said steps or features.
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CLAIMS:

1.

A method for separating clay from ore fragments comprising clay,

including:

drying the ore fragments comprising clay by exposing the ore fragments
to radiation having a frequency in the microwave to radio wave spectrum;
separating the dried clay from the ore fragments;

adding water to the ore fragments; and

separating an ore concentrate from gangue in one or more processing
steps.

A method according to claim 1; wherein the step of drying the ore
fragments is by radiation having a frequency in the radio frequency
range.

A method according to claim 1 or 2, wherein the frequency is in the range
of less than 100MHz.

A method according to claim 1, wherein the step of drying the ore
fragments is by radiation having a frequency in the microwave frequency
range.

A method according to claim 4, wherein the step of drying the ore
fragments is by radiation having a frequency in the range of from
400MHz to 3000MHz.

A method according to any one of the preceding claims, wherein the step
of separating the dried clay is by screening and tumbling the ore
fragments comprising clay.

A method according to claim 6, wherein the step of separating also

includes the use of suction to remove the dried clay.
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11.

12.

13.

13

A method according to claim 7, wherein the dried clay is removed before

a comminution step.

A method according to any one of the preceding claims, wherein the step
of separating the ore concentrate from gangue further comprises a
dewatering step to separate the gangue from the water.

A method according to claim 9, wherein the dewatering step includes the
addition of an agent selected from the group consisting of a thickening
agent, an agglomerating agent and mixtures thereof together with

filtration.

A method according to claim 10, wherein the water from the dewatering
step is recycled to the comminution step or separation step or a
combination thereof.

A method according to any one of the preceding claims, wherein water is
added to the ore fragments in a comminution step, separation step or to

both the comminution step and the separation step.

An apparatus for separating clay from ore fragments comprising clay,

comprising:

14.

a chamber for drying the ore fragments comprising clay by exposing the
ore fragments to radiation having a frequency in the microwave to radio
wave spectrum;

a chamber for separating the dried clay from the ore fragments;

a chamber for comminution of the ore fragments; and

a chamber for separating an ore concentrate from gangue.

An apparatus according to claim 13, wherein the chamber for separating
the dried clay from the ore fragments comprises one or more elements

for screening and tumbling the dried clay and ore fragments.
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16.

17.

18.

19.

20.

21.

14

An apparatus according to claim 13 or 14, wherein the frequency in the

radio frequency range.

An apparatus according to claim 13, 14 or 15, wherein the radio
frequency is in the range of less than 100MHz.

An apparatus according to any one of claims 13 to 16, wherein the

frequency is in the microwave frequency range.

An apparatus according to claim 17, wherein the chamber for drying the
ore fragments uses radiation having a microwave frequency in a range of
from 400MHz to 3000MHz.

An apparatus according to any one of claims 13 to 18, wherein water is
added to the chamber for comminution of the ore fragments.

An apparatus according to claim 19, wherein the chamber for separating
the ore concentrate from gangue further comprises one or more
dewatering agents and a filtering element to separate the gangue from
water.

An apparatus according to claim 20, wherein the apparatus further
comprises an element for recycling water from the chamber for
separating the ore concentrate from gangue to the chamber for
comminution of the ore fragments.
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FIG.4

Infra-red image of the rock particle during microwave heating. Red
(high temperature) areas correspond to the rapidly heating clay
patches on the surface of the rock.

FIG.S

Rock particle after microwave heating,covered with cracked clay crust.
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FIG.6

Rock fragmented covered with clay, before microwave heating (left)
and after microwave heating and 10sec tumbling in plastic container.

FIG.7 FIG.7A

Rock fragmented covered with clay, before microwave heating (left)
and after microwave heating and 10sec tumbling in plastic container.

Rock fragmented covered with clay, before microwave heating (left)
and after microwave heating and 10sec tumbling in plastic container.
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