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Fig. 1

particles of a mined material in a slurry. The apparatus comprises a hydro -
cyclone for receiving a flow of the slurry. The hydrocyclone has a slurry inlet
and a slurry outlet and is arranged to form an accumulation of a first group of
the particles during the flow of the slurry. The hydrocyclone also comprises a
high voltage applicator arranged to apply a high voltage to accumulated
particles of the first group of the particles. The high voltage applicator com-
prises a high voltage generator that is arranged to generate a voltage that is
sufficiently high such that micro-cracks are formed in at least some of the
particles of the first group.
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AN APPARATUS AND A METHOD FOR TREATING MINED MATERIAL

Field of the Invention

The present invention relates to an apparatus and a method
for treating mined material and relates particularly to an
apparatus and a method for treating mined materials with a

high voltage.

The term “mined” material is understood herein to include
metalliferous material and non-metalliferous material.
Iron-containing and copper-containing ores are examples of
metalliferous material. The term “mined” material is also
understood herein to include (a) run-of-mine material and
(b) run-of-mine material that has been subjected to at
least primary crushing or similar size reduction after the
material has been mined. Further, the term “mined”

material includes mined material that is in stockpiles.

Background of the Invention

Conventional comminution of particles of mined materials
(such as ores) comprises mechanical grinding of the
particles to a particle diameter that is suitable for

further processing.

Particles of a mined ore usually include valuable material
and gangue. The comminution needs to at least facilitate
the liberation of the valuable material. Unfortunately,
the mechanical grinding process is a very energy intensive
activity. Further, ideal comminution liberates valuable

minerals from gangue at the largest grain size possible,
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but the mechanical grinding process is difficult to

control and over grinding is a problem.

The present invention provides further improvements.

Summary of the Invention

The present invention provides in a first aspect an
apparatus for treating particles of a mined material in a
slurry, the apparatus comprising:

a hydrocyclone having a slurry inlet for receiving a
flow of the slurry and having slurry outlets, the
hydrocylone being arranged to divide the flow of the
slurry into a first slurry including a first group of the
particles and a second slurry including a second group of
the particles and in a manner such that an accumulation of
particles of the first group is formed during the flow of

the slurry into the slurry inlet; and

a high voltage applicator arranged to apply a high
voltage to particles of the first group during or after
formation of the accumulation of the of the particles of
the first group, the high voltage applicator comprising a
high voltage generator that is arranged to generate a
voltage that is sufficiently high such that micro-cracks
are formed in at least some of the particles of the first

group.

In one example the apparatus forms a part of a system for
treatment of mined material in which a slurry including
high voltage treated particles of the first group is
directed to a mill, such as a ball mill, for grinding of

the particles of the first group to a diameter suitable
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for further processing. Embodiments of the present
invention provide the advantage that an energy that is
required for grinding of the particles in the mill is

reduced due to the formation of the micro-cracks.

In one embodiment the high voltage is sufficient for
formation of micro-cracks in the particles of the first
group, but insufficient for fracturing of at least the
majority of the particles of the first group. However, the
apparatus may be arranged such that fracturing of the
particles that have the formed micro-cracks is imparted by
mechanical impact. For example, the energy for fracturing
of particles including the micro-cracks may be provided by
the mechanical impact between the particles and a wall of
the hydrocyclone as the particles follow a spiral path to

the cone discharge of the hydrocyclone.

The particles of the first group may include particles
that are larger and heavier than the particles of the
second group and may in use travel in downward direction
in the hydrocyclone to be discharged form a slurry outlet

of the hydrocyclone, such as a cone discharge.

The smaller particles formed by fracturing of the larger
and heavier particles in the hydrocylone may then become
particles of the second group and depart the hydrocyclone
from a further slurry outlet, such as at top discharge

through a vortex finder of the hydrocyclone.

Similarly, larger and heavier particles in which micro-
cracks are formed, but which do not fracture in the
hydrocyclone, may discharged from the cone discharge to be

returned to a mill where the particles are fractured by
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imparting relatively less energy to the particles as
compared to the energy required for particles that have

not previously been micro-cracked.

In one embodiment of the present invention at least a
portion of the high voltage applicator is positioned
within the hydrocyclone such that the apparatus is

arranged to apply the high voltage within the hydrocyclone
during or after the accumulation of the particles of the

first group.

In an alternative embodiment the high voltage applicator
is spaced apart from at least an interior region of the
hydrocyclone and the apparatus is arranged to feed the
slurry including the particles of the first group, after
formation of the accumulation, from the interior region of

the hydrocyclone to the high voltage applicator.

The high voltage source may be arranged to generate a
voltage that is sufficient such that at least some of the
particles of the first group experience an electrical

energy of 0.5 - 1, 1 - 2, 2 — 3 or 3 to 4 kWh/t.

The slurry outlet may be one of two outlets and the
apparatus may have a first slurry outlet for exit of the
first slurry and a second slurry outlet for exit of the

second slurry.

The particles of the first group may comprise particles
that are larger in diameter than the particles of the
second group. For example, the particles of the second

group may have a P80 diameter that is smaller than 150um,

160um, 170mum, 180um, 190mum, 200pum, 210pum, 220um, 230um,
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240um or 250um and the apparatus may be arranged such that
particles having a larger size are included in the first

group of particles.

The high voltage applicator may comprise any type of
electrode that is suitable to apply the high voltage to
the particles of the first group. For example, if the
apparatus is arranged for applying the high voltage within
the hydrocyclone, the electrode may comprise a first
electrode portion that is positioned at a central location
of hydrocyclone and a second electrode portion may be
provided in the form of a housing portion of the
hydrocyclone such that the high voltage is applied between

the central electrode portion and the housing portion.

The first electrode portion may comprise a generally
cylindrical portion. Alternatively, the first electrode
portion may have a shape that approximates that of a
portion of the hydrocyclone, such as a conical portion of
the hydrocyclone. The first electrode portion may comprise
a mesh of a metallic material. The mesh may have apertures
that have a diameter that is larger than that of at least
the majority of the particles of the first group.

The present invention provides in a second aspect a method
for treating mined material in a slurry in a manner that
is continuous during flow of the slurry, the method
comprising:

providing the flow of the slurry including particles
of the mined material;

separating the particles into first and second groups
of particles and forming an accumulation of the first

group of the particles using a hydrocyclone;
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applying a high voltage to at least some particles of
the first group, the high voltage being sufficiently high
such that at least micro-cracks are formed in at least
some of the particles of the first group; and
directing first and second slurries including the
particles of the first and second groups, respectively,

for further processing.

The step of applying the high voltage may be performed
such that the applied high voltage is insufficient to
fracture at least the majority of the particles of the
first group without mechanical impact. Further, the method
may comprise the step of imparting mechanical impact to
fracture at least some of the particles of the first group

that include the formed micro-cracks.

The step of imparting mechanical impact may comprise use

of a ball mill.

The high voltage may be sufficient such that the particles
of the first group experience an electrical energy of 0.5

-1, 1 -2, 2 — 3 or 3 to 4 kWwh/t.

The particles of the first group may comprise particles
that are larger in diameter than the particles of the
second group. For example, the particles of the second
group may have a P80 diameter that is smaller than 150um,
160pum, 170pum, 180pum, 180um, 200um, 210um, 220um, 230um,
240um or 250um and the apparatus may be arranged such that
particles having a larger size are included in the first

group of particles.
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The step of providing the slurry may comprise grinding
particles of the mined material in a first mill, such as a

Semi-Autogenous Grinding (SAG) mill.

The step of directing the first and second slurries for
further processing may comprise directing the first slurry

to a first mill, such as a ball mill.

The steps of separating the particles and applying a high
voltage may be performed within the hydrocyclone.
Alternatively, the steps of separating the particles and
applying a high voltage may be performed at separate
locations and the method may comprise feeding the first
slurry, after formation of the accumulation of the
particles of the first group, to a region for applying the
high voltage.

The step of directing the first and second slurries for
further processing may also comprise directing the first
slurry including the particles of the first group after
high voltage treatment through a first outlet of the
hydrocyclone and directing the second slurry including the
particles of the second group through a second outlet of

the hydrocyclone.

The present invention provides in a third aspect a system
for treatment of mined material, the system comprising
components for liberating valuable materials included in
particles of the mined material, the components
comprising:

a first arrangement for providing particles of the
mined material at a diameter that is less than a

predetermined diameter;
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an apparatus for throughput of a slurry, the slurry
including the provided particles of the mined material,
the apparatus comprising a high voltage applicator that is
arranged to apply a high voltage to a selection of the
particles, the voltage being sufficiently high such that
at least micro-cracks are formed in at least some of the
particles of the selection; and

a second arrangement positioned to receive a slurry
including the high voltage treated particles from the
apparatus, the second arrangement being arranged to reduce
a size of the received particles to a second diameter that

i1s smaller than the first diameter.

The first arrangement may comprise a first mill, such as a
SAG mill, rod mill or a ball mill. The second arrangement

may comprise a ball mill.

The first arrangement may be arranged to provide particles
of the mined material at diameter that is less than 150um,
l160pum, 170pum, 180um, 190um, 200um, 210pum, 220um, 230um,
240um or 250um. The second arrangement may be arranged to
grind particles of the mined material to a diameter that

is at least 10 to 20um smaller than that.

The system may comprise the apparatus in accordance with
the first aspect of the present invention. Further, the
system may comprise a concentrator facility arranged for
floatation and may be arranged such that a slurry
including the particles of the second group is directed to

the concentrator facility for floatation.

The present invention provides in a fourth aspect a system

for treatment of mined material, the system comprising
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components for liberating valuable materials included in
particles of the mined material, the components
comprising:

a hydrocyclone arranged for receiving a slurry
including the particles of the mined material and for
forming an accumulation of a first group of the particles
of the mined material, the hydrocyclone comprising a high
voltage applicator arranged to apply a high voltage to
particles of first group, the high voltage being
sufficiently high such that at least micro-cracks are
formed in at least some of the particles of the first
group; and

a mill for grinding particles of the mined material,
the mill being positioned to receive high voltage treated

particles from the hydrocyclone.

The mill may be a ball mill that is arranged to grind
particles of the mined material to a P80 diameter that is

less than 1Imm, 0.9mm 0.8mm, O0.6mm or O0.5mm

The high voltage applicator may comprise any suitable type
of electrode that is suitable to apply the high voltage to
the particles of the first group. For example, the
electrode may comprise a first electrode portion that is
positioned at a central location of the hydrocyclone and a
second electrode portion may be provided in the form of a
housing portion of the hydrocyclone such that the high
voltage 1s applied between the central electrode portion
and the housing portion. The first electrode portion may
comprise a generally cylindrical portion. Alternatively,
the first electrode portion may comprise a portion that
approximates a shape of a portion of the hydrocyclone. For

example, the first electrode portion may comprise a
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portion that has a shape that approximates that of a

conical portion of the hydrocyclone.

The present invention provides in a fifth aspect a system
for treatment of mined material, the system comprising
components for liberating valuable materials included in
particles of the mined material, the components
comprising:

an apparatus for receiving a flow of a slurry
including the particles of the mined material, the
apparatus having a slurry inlet and a slurry outlet for
throughput of the flow of the slurry and comprising a high
voltage applicator for applying a high voltage to a
selection of the particles, the high voltage being
sufficiently high such that at least micro-cracks are
formed in at least some of the particles; and

a ball mill for grinding particles of the mined
material, the ball mill being positioned to receive high

voltage treated particles.

The invention will be more fully understood from the
following description of specific embodiments of the
invention. The description is provided with reference to

the accompanying drawings.

Brief Description of the Drawings

Figures 1 and 2 are schematic representations of an
apparatus for treating particles of mined material in

accordance with embodiments of the present invention; and

Figures 3 - 5 are flow charts illustrating a system and a

method for treating particles of mined material in
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accordance with an embodiment of the present invention

Detailed Description of Specific Embodiments

Embodiments of the present invention relate to an
apparatus and a method for treating particles of mined
material. The particles of the mined material typically
comprise valuable material that is embedded or surrounded
by gangue. The mined material may for example be an ore,

such as iron or copper ore.

In embodiments of the present invention the particles of
the mined material are initially crushed and otherwise
treated (for example using a suitable crusher and mill)
such that the particles have a P80 feed size of between
0.5mm and 2.2mm (as will be described in details further
below). A continuous flow of slurry is then formed and

the particles are entrained in the slurry.

Embodiments of the present invention generally relate to
continuous treatment of the particles of the mined
material in the slurry using high electric voltages that
are applied in a manner such that at least micro-cracks
are formed in the particles. The high voltage is selected
so that the micro-cracks are formed, but fragmentation of
the particles due to the high voltage is largely avoided.
However, subsequent fracture of particles including the
micro-cracks is imparted by mechanical impact (for example

in a hydrocyclone or a ball mill).

The slurry including the high voltage treated particles
may then be directed to a mill, such as a ball mill, for

further processing towards liberation of valuable
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materials included in the mined material.

Prior to the high voltage treatment the particles are
crushed to a P80 diameter of 80 - 120mm, such as 100mm and
then ground in a mill, such as a Semi-Autogenous Grinding
(SAG) mill. The SAG mill grinds the ore particles down to
a P80 product size of between 2mm to 3mm, such as 2.4mm.
The slurry with the particles is then pumped to a
hydrocyclone in which the particles in the slurry are
divided into a first group of larger and heavier particles

and a second group of smaller and lighter particles.

The function of a hydrocyclone may be summarised as
follows. A slurry including particles of the mined
material is directed tangentially into cylindrical section
of the hydrocyclone and follows a circulating path.
Circulating velocities are typically relatively high and
generate large centrifugal fields inside the hydrocyclone.
Particles that experience this centrifugal field will tend
to move outwards relative to the carrier fluid because of
their relatively greater density. The larger, heavier
particles will migrate rapidly to outside walls of the
cylindrical section and will then be forced to move
downward on the inside of a conical wall of the
hydrocyclone towards a first exit port. The smaller and
lighter particles, will be dragged inwards by the fluid as
it moves toward a vortex finder and will be directed

towards a second exit port.

The larger and heavier particles are not considered
suitable for concentration and are directed to a fine
grinding mill, such as a ball mill, for further grinding.

The smaller and lighter particles are sufficiently small
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for further processing and an accept slurry including
these particles is directed for further processing at a
concentrator facility including vessels for flotation or
other liberation processes. For example, the smaller and
lighter particles may have a diameter less than 0.15 -

0.25, such as 0.2mm.

In accordance with embodiment of the present invention the
larger and heavier particles are exposed to high voltages
to induce the micro-cracks before these particles are
directed to the ball mill. The micro-cracks formed in
these particles reduce the grinding energy required by the
ball mill to grind the particles to a size that is at
least of the same order as that of the particles in the

accepts slurry.

The high voltage treatment may be applied in any suitable
vessel or conduit. In one embodiment the vessel or conduit
is positioned to receive the rejects slurry including the
larger and heavier particles of the first group from the

hydrocyclone before the rejects slurry is directed to the

ball mill.

In another embodiment the vessel or conduit is positioned
to receive the slurry from the SAG mill to treat the
slurry with high voltage before being fed to the slurry
inlet of the hydrocyclone.

In an alternative embodiment of the present invention the

high voltage treatment is applied within the hydrocyclone.
An apparatus that combines the functions of a hydrocyclone
and a high voltage applicator in accordance with an

embodiment of the present invention will now be explained
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in further details with reference to Figures 1. The
apparatus in the form of a hydrocyclone 100 has a slurry
inlet 102 for receiving slurry. The hydrocyclone 100 has
a top discharge slurry outlet in the form of a vortex
finder 104. The hydrocyclone 100 has a cone discharge
slurry outlet known as the apex 106. The hydrocyclone 100
has a generally cylindrical and a generally conical body
portion. The apex 106 is positioned at the narrow end of
the generally cylindrical body portion and the vortex
finder 104 is positioned at the opposite end of the
hydrocyclone 100. The slurry inlet 102 is positioned such
that the flow of the slurry forms an accumulation of
larger and heavier particles 108 within the body of the
hydrocyclone 100 as the centrifugal forces of the
hydrocyclone push the larger and heavier particles 108
against the wall 114. The accept slurry including the
smaller and lighter particles 110 of the mined material
exits the hydrocyclone 100 via the vortex finder 104. The
smaller and lighter particles 110 may have a diameter less
than 0.15 - 0.25, such as 0.2mm, and the larger and
heavier particles 108 have a diameter that is larger than
that. The reject slurry including the larger and heavier

particles 108 exits the hydrocyclone 100 via the apex 106.

The hydrocyclone 100 also comprises a high voltage
electrode 112 that in this embodiment is positioned at a
central location of the hydrocyclone 100, extending
through the vortex finder 104. The electrode 112 extends
to a position below the vortex finder 104, located
centrally within the body of the hydrocyclone 100. The
hydrocyclone 100 further comprises a high voltage
generator 116 that is arranged to generate the high

voltage that is applied between the electrode 112 and a
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metallic body portion forming the wall 114 of the
hydrocyclone 100. The high voltage is thus applied such
that the particles in the hydrocyclone are between the
electrode 112 and the wall 114. The high voltage is
sufficiently high such that the accumulated particles 108
experience micro-cracks. In this embodiment the high
voltage is sufficient such that the particles 108
experience an electrical energy of 0.5 -1, 1 - 2, 2 - 3

or 3 to 4 kWh/t.

The rejects slurry including the larger and heavier
particles 108 is then directed to a ball mill (not shown)
and subsequently redirected back to the inlet 102 of the
hydrocyclone 100, and this will be described in detail
further below. The formation of the micro-cracks
facilitates the grinding in the ball mill and reduces an
energy that is required for grinding of the particles to a
diameter that is sufficient for subsequent flotation

processing steps (for example).

While the high voltage is sufficient for formation of
micro-cracks in the larger and heavier particles 108, the
high voltage typically is insufficient for fracturing of
at least the majority of the particles 108. However, the
particles 108 may fracture due to the additional

energy imparted by the mechanical impact between particles
108 and between the particles 108 and the wall 114 as the

particles 108 follow a spiral path to the apex 106.

The smaller particles formed by fracturing of the larger
and heavier particles 108 fractured in the hydrocylone may
then become smaller and lighter particles discharged via

the vortex finder 104.
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Figure 2 shows a hydrocyclone 200 that is related to the
hydrocyclone 100 and like reference numerals are used for
like components. However, in contrast to the hydrocyclone
100, the hydrocyclone 200 has an electrode 202 that has a
lower portion 204 that has shape that is similar to that
of the body portion of the hydrocyclone 200. The lower
portion 204 is in this embodiment provided in the form of
a metallic mesh that has openings that are sufficiently
large such that the particles of the mined material can
pass through the openings. This embodiment provides the
additional advantage that the high voltage is applied
across a shorter distance within the hydrocyclone 100
(which reduces voltage losses across the slurry and
particles other than the larger and heavier particles 108.

Further, the high voltage is applied more evenly.

It will be appreciated by a person skilled in the art that
in an alternative embodiment the hydrocyclone 100 or 200
may be replaced by a hydrocyclone that is arranged to
separate the slurry into an accepts slurry and a rejects
slurry. The rejects slurry may then be directed to a
further vessel or conduit in which the high voltage is

applied to the particles of the rejects slurry.

Referring now to Figure 3, a system and a method for
treatment of mined material in accordance with an

embodiment of the present invention is now described.

The system 300 comprises various components for the
liberation of valuable materials that are included in
mined material and is arranged for continuous operation.
The fragments of the mined materials are initially fed

through a primary crusher 302. The primary crusher 302
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crushes the mined material to P80 product size of between
50mm to 150mm, such as 100mm. The primary crushed
particles are then stock piled 304 and subsequently fed
into a SAG mill 306 in the form of a slurry. The SAG mill
306 grinds the particles down to a P80 product size of
between 2mm to 3mm, such as 2.4mm and had a P80 trommel
oversize of 2bmm. The slurry including the particles then
passes through a screen 308. A slurry including particles
that do not pass through the screen 308 is sent to a
Recycled pebble crusher 310 for further reduction in size
and is returned to the SAG mill 306. The recycled pebble
crusher 310 crushes the ore particles down to a P80
product size of between 10mm to 15mm, such as 13.2mm. The
slurry including the particles that pass through the
screen 308 is pumped by pump 309 to the slurry inlet 102
of a hydrocyclone 312. A discharge of a ball mill 316 is
added (this will be described further below) and the
resulting hydrocyclone P80 feed size is approximately lmm.
The hydrocyclone 312 may be provided in the form of the
hydrocyclone 100 or hydrocyclone 200 described above with
reference to Figures 1 and 2. Alternatively, the
hydrocyclone 312 may comprise a hydrocyclone and a
separate vessel or conduit for application of high voltage
to the particles, which will be described further below
with reference to Figures 4 and 5. The hydrocyclone 312 is
arranged for an operation that is continuous during flow
of the slurry. The hydrocyclone 312 is in this embodiment
arranged for P80 passing of particles having a diameter of
the order of 0.15 - 0.25, such as 0.21mm.and the slurry
including these particles is then directed to a
concentrator facility 314 for further processing and
liberation of the valuable materials included in the

particles. Particles in the hydrocyclone 312 are high
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voltage treated and the larger and heavier particles that
do not fracture in the hydrocyclone are then directed to a
ball mill 316 for further grinding and reduction in size.
The hydrocyclone is arranged such that the particles that
are directed to the ball mill have a P80 product size of

between 2mm to 3mm, such as 2.5b5mm.

The ball mill typically grinds the ore particles down to a
P80 product size of between 0.5mm to lmm, such as 0.85mm.
The slurry including the particles ground by the ball mill
316 is then directed back to the hydrocyclone 312 wvia the
pump 309.

As mentioned above, the hydrocyclone and a high voltage
applicator may also be provided as separate components of
as system for treatment of mined material, which is now
illustrated with reference to Figures 4 and 5. Figures 4
and 5 illustrate a system and a method for treatment of
mined material in accordance with further embodiment of
the present invention. The systems 400 and 500 are related
to the system 300 illustrated in Figure 3 and like
reference numerals are used for like components. However,
in contrast to the system 300, the hydrocyclone is
provided separate to a vessel or conduit for application
of high voltage to the particles. In the system 400 a
high voltage applicator 402 is positioned between a
hydrocyclone 401 and the ball mill 316 and in the system
500 a high voltage applicator 502 is positioned between a
hydrocyclone 501 and the ball mill 316.

A person skilled in the art will appreciate that a number

of variations are possible.
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The Claims:

1. An apparatus for treating particles of a mined
material in a slurry, the apparatus comprising:

a hydrocyclone having a slurry inlet for receiving a
flow of the slurry and having slurry outlets, the
hydrocylone being arranged to divide the flow of the
slurry into a first slurry including a first group of the
particles and a second slurry including a second group of
the particles and in a manner such that an accumulation of
particles of the first group is formed during the flow of
the slurry into the slurry inlet; and

a high voltage applicator arranged to apply a high
voltage to particles of the first group during or after
formation of the accumulation of the of the particles of
the first group, the high voltage applicator comprising a
high voltage generator that is arranged to generate a
voltage that is sufficiently high such that micro-cracks
are formed in at least some of the particles of the first

group.

2. The apparatus of claim 1 wherein at least a portion
of the high voltage applicator is positioned within the
hydrocyclone such that the apparatus is arranged to apply
the high voltage within the hydrocyclone during or after

the accumulation of the particles of the first group.

3. The apparatus of claim 1 wherein the high voltage
applicator is spaced apart from at least an interior
region of the hydrocyclone and wherein the apparatus is

arranged to feed the slurry including the particles of the
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first group from the interior region of the hydrocyclone

to the high voltage applicator.

4. The apparatus of any one of the preceding claims
wherein the apparatus is arranged such that fracture of at
least some of the particles that include the formed micro-

cracks is imparted by mechanical impact.

5. The apparatus of any one of the preceding claims
wherein the high voltage source is arranged to generate a
voltage that is sufficient such that at least some of the
particles of the first group experience an electrical

energy of 0.5 — 1kWh/t.

6. The apparatus of claim 6 wherein the apparatus has a
first slurry outlet for exit of the first slurry and a

second slurry outlet for exit of the second slurry.

7. The apparatus of any one of the preceding claims
wherein the particles of the first group comprise
particles that are larger in diameter than the particles

of the second group.

8. The apparatus of any one of the preceding claims
wherein the particles of the second group have a P80
diameter that is smaller than 250um and the apparatus is
arranged such that particles having a size larger than

that are included in the first group of particles.

9. The apparatus of any one of the preceding claims

wherein the particles of the second group have a P80

diameter that is smaller than 200um and the apparatus is
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arranged such that particles having size larger than that

are included in the first group of particles.

10. The apparatus of claim 2 or anyone of claims 4 to 9
when dependent on claim 2 wherein the high voltage
applicator comprises a first electrode portion that is
positioned at a central location of the hydrocyclone and a
second electrode portion is provided in the form of a
housing portion of the hydrocyclone such that the high
voltage is applied between the central electrode portion

and the housing portion.

11. The apparatus of claim 10 wherein the first electrode

portion comprises a generally cylindrical portion.

12. The apparatus of claim 10 wherein the first electrode
portion has a shape that approximates that of a portion of

the vessel or conduit.

13. A method for treating mined material in a slurry in a
manner that is continuous during flow of the slurry, the
method comprising:

providing the flow of the slurry including particles
of the mined material;

separating the particles into first and second groups
of particles and forming an accumulation of the first
group of the particles using a hydrocyclone;

applying a high voltage to at least some particles of
the first group, the high voltage being sufficiently high
such that at least micro-cracks are formed in at least

some of the particles of the first group; and
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directing first and second slurries including the
particles of the first and second groups, respectively,

for further processing.

14. The method of claim 13 wherein the step of applying
the high voltage is performed such that the applied high

voltage 1s insufficient to fracture at least the majority
of the particles of the first group without mechanical

impact.

15. The method of claim 14 further comprising the step of
imparting mechanical impact to fracture at least some of
the particles of the first group that include the formed

micro-cracks.

16. The method of any one of claims 13 to 15 wherein the
high voltage is sufficient such that the particles of the
first group experience an electrical energy of 0.5 -

4kWh/t.

17. The method of any one of claims 13 to 16 wherein the
particles of the first group comprise particles that are
larger in diameter than the particles of the second group

and wherein the particles of the second group have a P80

diameter that is less than 250um.

18. The method of any one of claims 13 to 16 wherein the
particles of the first group comprise particles that are
larger in diameter than the particles of the second group

and wherein the particles of the second group have a P80

diameter that is less than 200pm.

19. The method of any one of claims 14 to 18 wherein
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the step of directing the first and second slurries

comprises directing the first slurry to a ball mill.

20. The method of any one of claims 13 to 19 wherein
the steps of separating the particles and applying a high

voltage are performed within the hydrocyclone.

21. The method of any one of claims 13 to 19 wherein the
steps of separating the particles and applying a high
voltage are performed at separate locations and the method
comprises a step of feeding the first slurry, after
formation of the accumulation of the particles of the
first group, from the hydrocyclone to a region for

applying the high voltage.

22, The method of any one of claims 13 to 20 wherein the
step of directing the first and second slurries for
further processing comprises directing the first slurry
including the particles of the first group after high
voltage treatment through a first outlet of the
hydrocyclone and directing the second slurry through a

second outlet of the hydrocyclone.

23. A system for treatment of mined material, the system
comprising components for liberating valuable materials
included in particles of the mined material, the
components comprising:

a first arrangement for providing particles of the
mined material at a diameter that is less than a
predetermined diameter;

an apparatus for throughput of a slurry, the slurry
including the provided particles of the mined material,

the apparatus comprising a high voltage applicator that is
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arranged to apply a high voltage to a selection of the
particles, the voltage being sufficiently high such that
at least micro-cracks are formed in at least some of the
particles of the selection; and

a second arrangement positioned to receive a slurry
including the high voltage treated particles from the
apparatus, the second arrangement being arranged to reduce
a size of the received particles to a second diameter that

i1s smaller than the first diameter.

24, The system of claim 23 wherein the first arrangement
comprises a SAG mill and wherein the second arrangement

comprises a ball mill.

25. The system of claim 23 or 24 wherein the first
arrangement comprises a mill is arranged to grind
particles of the mined material to a diameter that is less
than 0.15 - 0.25, such as 0.2mm and wherein the second
arrangement also comprises a mill and is arranged to grind

particles of the mined material to a diameter that is at

least 10 to 20um smaller than that.

26. The system of any one of claims 23 to 25 comprising
the apparatus in accordance with any one of claims 1 to

12.

27. A system for treatment of mined material, the system
comprising components for liberating valuable materials
included in particles of the mined material, the
components comprising:

a hydrocyclone arranged for receiving a slurry
including the particles of the mined material and for

forming an accumulation of a first group of the particles
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of the mined material, the hydrocyclone comprising a high
voltage applicator arranged to apply a high voltage to
particles of first group, the high voltage being
sufficiently high such that at least micro-cracks are
formed in at least some of the particles of the first
group; and

a mill for grinding particles of the mined material,
the mill being positioned to receive high voltage treated

particles from the hydrocyclone.

28. A system for treatment of mined material, the system
comprising components for liberating valuable materials
included in particles of the mined material, the
components comprising:

an apparatus for receiving a flow of a slurry
including the particles of the mined material, the
apparatus having a slurry inlet and a slurry outlet for
throughput of the flow of the slurry and comprising a high
voltage applicator for applying a high voltage to a
selection of the particles, the high voltage being
sufficiently high such that at least micro-cracks are
formed in at least some of the particles; and

a ball mill for grinding particles of the mined
material, the ball mill being positioned to receive high

voltage treated particles.
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