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DESCRIPTION

Background of the Invention

1. Technical Field

[0001] This invention relates generally to a method and apparatus for separating valuable
material from unwanted material in a mixture, such as a pulp slurry.

2. Description of Related Art

[0002] In many industrial processes, flotation is used to separate valuable or desired material
from unwanted material. By way of example, in this process a mixture of water, valuable
material, unwanted material, chemicals and air is placed into a flotation cell. The chemicals are
used to make the desired material hydrophobic and the air is used to carry the material to the
surface of the flotation cell. When the hydrophobic material and the air bubbles collide they
become attached to each other. The bubble rises to the surface carrying the desired material
with it.

[0003] The performance of the flotation cell is dependent on the air bubble surface area flux
and air bubble size distribution in the collection zone of the cell. The air bubble surface area
flux is dependent on the size of the bubbles and the air injection rate. Controlling the air bubble
surface area flux has traditionally been very difficult. This is a multivariable control problem and
there are no dependable real time feedback mechanisms to use for control.

[0004] There is a need in the industry to provide a better way to separate valuable material
from unwanted material, e.g., including in such a flotation cell, so as to eliminate problems
associated with using air bubbles in such a separation process.

[0005] Carrier flotation has been generally disclosed in WO 2008/055371 A2, WO
2010/007157 A1, US 3 868 318 A, US 3 224 582 A, GB 1 339 337 A, WO 2012/028701, US
2010/300941, WO 02/066168 A1, WO 83/01397 A1, EP 2 244 268 A1 or US 5 260 353 A.
None of the documents disclosed the proposed material combination of bead and
functionalisation.

Summary of the Invention

The Method
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[0006] According to the invention, the present invention may take the form of a method
featuring steps for receiving in a processor a plurality of synthetic beads carrying mineral
particles, each of the synthetic beads comprising a surface and a plurality of molecules
attached to the surface, the molecules comprising a functional group having a chemical bond
for attracting or attaching one or more of the mineral particles to the molecules, causing the
mineral particles to attach to synthetic beads; and interrupting the chemical bond of the
functional group so as to remove the mineral particles from the synthetic beads, characterized
in that the synthetic beads consist of poly(dimethylsiloxane), or consist of glass having a
polysiloxanate coating, or consist of ceramic having a fluoroalkylsilane coating.

[0007] According to some embodiments of the present invention, the synthetic beads carrying
the mineral particles may be received in a mixture having a first temperature, and the step of
interrupting may include causing the synthetic beads carrying the mineral particles to contact
with a medium having a second temperature higher than the first temperature.

[0008] According to some embodiments of the present invention, the synthetic beads carrying
the mineral particles may be caused to contact with a liquid, and the step of interrupting may
include applying a sonic agitation to the liquid for causing the mineral particles to separate from
the synthetic beads, or the step of interrupting may include applying microwaves to the liquid
for causing the mineral particles to separate from the synthetic beads. The step for interrupting
may include providing an ultrasonic source to apply the sonic agitation to the liquid, and/or
arranging the ultrasonic source to produce ultrasound signals for sonic agitation, for example
ultrasound signals in the range of 20KHz to 300HKz for the sonic agitation. The step of
interrupting may include providing an ultrasonic signal selected at the resonant frequency of
the beads for causing the mineral particles to separate from the synthetic beads.

[0009] According to some embodiments of the present invention, the synthetic beads carrying
the mineral particles may be received along with a mixture having a first pH value, and the step
for interrupting may include causing the synthetic beads carrying the mineral particles to
contact with a medium having a second pH value lower than the first pH value, including where
the second pH value ranges from 0 to 7.

[0010] According to some embodiments of the present invention, the step of interrupting may
include mechanically causing the synthetic beads to move against each other, including
arranging a rotational means or device to stir the synthetic beads.

[0011] According to some embodiments of the present disclosure (not falling under the scope
of the claims), the synthetic beads may be made of a polymer having a glass transition
temperature, and the second temperature may be substantially equal to or higher than the
glass transition temperature.

[0012] According to some embodiments of the present disclosure (not falling under the scope
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of the claims), part of the synthetic beads carrying the mineral particles may be made of a
magnetic material, and the step of interrupting may include arranging a magnetic stirrer to stir
the synthetic beads.

[0013] According to some embodiments of the present invention, the synthetic beads carrying
the mineral particles may be received along with a mixture, wherein said interrupting comprises
selecting two or more of the following interrupting techniques: 1) lowering pH value of the
mixture, 2) applying an ultrasound to the mixture; 3) increasing temperature of the mixture and
4) mechanically stirring the mixture. The selected interrupting techniques may be used on the
mixture concurrently or sequentially.

Apparatus

[0014] According to some embodiments, the present invention may take the form of an
apparatus as defined by independent claim 7.

[0015] According to some embodiments, the present invention, the release apparatus may be
configured to implement one or more of the features set forth herein.

[0016] According to some embodiments, the apparatus is further defined by the synthetic
beads carrying the mineral particles being received in a mixture having a pH value; and a
controller arranged to release an acidic material for lowering the pH value of the mixture.

[0017] According to some embodiments, the apparatus is further defined by the synthetic
beads carrying the mineral particles being received in a mixture having a physical condition;
and a sonic source arranged to apply ultrasonic waves to the mixture.

[0018] In effect, the present invention provides mineral separation techniques using synthetic
beads, including size-, weight-, density- and magnetic-based polymer (only those material
combinations recited in the independent claims fall under the scope of the present invention).
The term "polymer"” in the specification means a large molecule made of many units of the
same or similar structure linked together.

[0019] The present invention may consist of replacing or assisting the air bubbles in a flotation
cell that are presently used in the prior art with a similar density material that has very
controllable size characteristics. By controlling the size and the injection rate a very accurate
surface area flux can be achieved. This type of control would enable the bead size to be tuned
or selected to the particle size of interest in order to better separate valuable or desired
material from unwanted material in the mixture. Additionally, the buoyancy of the bead may be
selected to provide a desired rate of rise within a flotation cell to optimize attraction and
attachment to mineral particles of interest. By way of example, the material or medium could
be a polymer bead (wherein only poly(dimethylsiloxane) falls under the scope of the appended
claims).
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[0020] These polymer beads are very inexpensive to manufacture and have a very low
density. They behave very similar to a bubble, but do not pop.

[0021] Since this lifting medium size is not dependent on the chemicals in the flotation cell, the
chemicals may be tailored to optimize hydrophobicity. There is no need to compromise the
performance of the frother in order to generate the desired bubble size. A controlled size
distribution of medium may be customized to maximize recovery of different feed matrixes to
flotation as ore quality changes.

[0022] There may be a mixture of both air and lightweight beads. The lightweight beads may
be used to lift the valuable material and the air may be used to create the desired froth layer in
order to achieve the desired material grade.

[0023] Bead chemistry is also developed to maximize the attachment forces of the lightweight
beads or bubbles and the valuable material.

[0024] A bead recovery process is also developed to enable the reuse of the lightweight beads
in a closed loop process. This process may consist of a washing station whereby the valuable
mineral is mechanically, chemically, thermally or electromagnetically removed from the
lightweight beads.

[0025] In particular, the removal process may be carried out by way of controlling the pH value
of the medium in which the enriched polymer beads are embedded, controlling the
temperature of the medium, applying mechanical or sonic agitation to the medium, illuminating
the enriched polymer beads with light of a certain range of frequencies, or applying
electromagnetic waves on the enriched polymer beads in order to weaken or interrupting the
bonds between the valuable material and the surface of the polymer beads.

The Separation Process or Processor

[0026] According to some embodiments of the present invention, and by way of example, the
separation process may utilize existing mining industry equipment, including traditional column
cells and thickeners. The lightweight synthetic beads may be injected into a first traditional
column or cell at an injection air port and rise to the surface. This first traditional column or cell
has an environment that is conducive to particle attachment. As the lightweight synthetic beads
rise they collide with the falling mineral particles. The falling mineral particles stick to the
lightweight synthetic beads and float or report to the surface. The wash water can be used to
clean off the entrained gangue. The recovered beads and mineral may be sent to another
traditional column or cell and injected into, e.g., the middle of the column. This traditional
column or cell has an environment that will promote release of the mineral particles. The
mineral particles fall to the bottom and the synthetic beads float or go to the surface. The
synthetic beads may be reclaimed and then sent back through the process taking place in the
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first traditional column or cell. Thickeners may be used to reclaim the process water at both
stages of the process.

Flotation Recovery of Coarse Ore Particles in Mining

[0027] According to some embodiments, the present invention may be used for flotation
recovery of coarse ore particles in mining.

[0028] For example, the concept may take the form of the creation of the lightweight synthetic
beads in a flotation recovery for lifting particles, e.g., greater than 150 micron, to the surface in
a flotation cell or column.

[0029] The fundamental notion is to create a shell or "semi-porous” structured bead of a
predetermined size and use this as an 'engineered 'air bubble' for improving flotation recovery,
e.g., of coarse ore particles in mining.

[0030] Flotation recovery may be implemented in multiple stages, e.g., where the first stage
works well at recovering the ground ore at the right size (<150 microns), but ore particles that
are too small or to large pass on to later stages and are more difficult to recover.

[0031] Depending on the method of "engineering” the bubble, at or near the surface the shell
could dissolve (time activated), and release an agent that further promotes the frothing (not
falling under the scope of the present invention).

Polymer Blocks having Incorporated Air or Light-weight Material (not falling under the
scope of the claims defining the invention)

[0032] According to some embodiments, the present invention may take the form of synthetic
flotation bubbles, using a concept such as incorporating air bubbles into polymer blocks, which
are designed to attract or attach mineral rich ore onto their surface and then float to the top of
the flotation tank. It is also possible to incorporate light-weight material such as Styrofoam into
the polymer blocks to aid buoyancy.

[0033] The benefits of this approach include the fact that "engineered bubbles" in a polymer
may enable a much larger range of ore grains to be lifted to the surface hence improving
recover efficiency.

[0034] According to some embodiments, optimally sized polymer blocks with a high
percentage of air may be produced with appropriate collector chemicals also encapsulated into
the polymer.
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[0035] Once the blocks are in, e.g., a mixture such as a slurry pulp, the collector chemicals
may be released to initially attract or attach to mineral rich ore particles and then rise to the
surface.

Example of Embodiments

Apparatus in the Form of a Cell or Column

[0036] According to some embodiments of the disclosure, the present invention may take the
form of apparatus featuring a cell or column configured to receive a mixture of fluid (e.g. water)
and valuable material and unwanted material; receive synthetic beads constructed to be
buoyant when submerged in the mixture and functionalized to control the chemistry of a
process being performed in the cell or column; and provide enriched synthetic beads having
the valuable material attached thereto.

[0037] According to some embodiments of the present invention, the synthetic bubbles or
beads may be made from a polymer or polymer-based material, or silica or silica-based
material, or glass or glass-based material, wherein only the material combinations disclosed in
the claims fall under the scope of protection.

[0038] According to some embodiments of the present invention, the cell or column may take
the form of a flotation cell or column, and the synthetic beads may be functionalized to attach
to the valuable material in the mixture that forms part of a flotation separation process being
performed in the flotation cell or column.

[0039] According to some embodiments of the present disclosure (not falling under the scope
of the appended claims), the synthetic beads may be functionalized to release a chemical to
control the chemistry of the flotation separation process.

[0040] According to some embodiments of the present disclosure (not falling under the scope
of the present invention), the synthetic beads may be configured with firm outer shells
functionalized with a chemical to attach to the valuable material in the mixture. Alternatively, the
synthetic bubbles or beads may include a chemical that may be released to attach to the
valuable material in the mixture (not falling under the scope of the present invention).

[0041] According to some embodiments of the present disclosure (not falling under the scope
of the appended claims), the synthetic bubbles or beads may be constructed with firm outer
shells configured to contain a gas, including air, so as to increase be buoyant when submerged
in the mixture. Alternatively, the synthetic beads may be made from a low-density material so
as to be buoyant when submerged in the mixture, including the synthetic bubbles being
configured as a solid without an internal cavity (only the material combinations recited in the
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claims falling under the scope of protection).

[0042] According to some embodiments of the present disclosure (not falling under the scope
of the appended claims), the synthetic beads may include a multiplicity of hollow objects,
bodies, elements or structures, each configured with a respective cavity, unfilled space, or hole
to trap and maintain a bubble inside. The hollow objects, bodies, elements or structures may
include hollow cylinders, or spheres, or globules, or capillary tubes, or some combination
thereof. Each hollow object, body, element or structure may be configured with a dimension so
as not to absorb liquid, including water, including where the dimension is in a range of about
20-30 microns. The multiplicity of hollow objects, bodies, elements or structures may be
configured with chemicals applied to prevent migration of liquid into respective cavities,
including where the chemicals are hydrophobic chemicals. The synthetic beads made from the
silica or silica-based material, or glass or glass-based material, may take the form of hollow
glass cylinders manufactured using a drawing and dicing process.

[0043] The scope of the invention is not intended to be limited to the size or shape of the
synthetic beads, so as to enhance their rise or fall in the mixture.

[0044] According to some embodiments of the present invention, the mixture may take the
form of a slurry pulp containing, e.g., water and the valuable material of interest.

A Method for Implementing in a Flotation Separation Device

[0045] The present invention may also take the form of a method (as defined in claim 1) e.g.,
for implementing in a flotation separation device having a flotation cell or column. An
alternative method (not falling under the scope of the present invention) may include steps for
receiving in the flotation cell or column a mixture of fluid and valuable material; receiving in the
flotation cell or column synthetic bubbles or beads constructed to be buoyant when submerged
in the mixture and functionalized to attach to the valuable material in the mixture and; and
providing from the flotation cell or column enriched synthetic bubbles or beads having the
valuable material attached thereto.

[0046] According to some embodiments of the present disclosure, the method may include
being implemented consistent with one or more of the features set forth herein.

Apparatus in the Form of a Flotation Separation Device

[0047] According to some embodiments, the present disclosure may take the form of
apparatus such as a flotation separation device, including a flotation cell or column configured
to receive a mixture of water, valuable material and unwanted material; receive polymer
materials, including polymer beads, configured to attach to the valuable material in the mixture;
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and provide enriched polymer or polymer-based materials, including enriched polymer or
polymer-based bubbles or beads, having the valuable material attached thereon. According to
some embodiments, the polymer material may be configured with a surface area flux by
controlling some combination of the size of the polymer material and/or the injection rate that
the mixture is received in the flotation cell or column; or the polymer material may be
configured with a controlled size distribution of medium that may be customized to maximize
recovery of different feed matrixes to flotation as valuable material quality changes, including
as ore quality changes; or some combination thereof.

[0048] The present invention may take the form of apparatus for use in, or forming part of, a
separation process to be implemented in separation processor technology, the apparatus
featuring synthetic beads configured with a polymer material functionalized to attach to a
valuable material in a mixture so as to form an enriched synthetic beads having the valuable
material attached thereto, and also configured to be separated from the mixture based at least
partly on a difference in a physical property between the enriched synthetic beads having the
valuable material attached thereto and the mixture.

[0049] The separation process may be implemented in separation processor technology (as
disclosed in claim 7) which combines the synthetic beads and the mixture, and which provides
the enriched synthetic beads having the valuable material attached thereto that are separated
from the mixture based at least partly on the difference in the physical property between the
enriched synthetic beads having the valuable material attached thereto and the mixture.

Size-based Separation

[0050] The separation process may be implemented using sized-based separation, where the
synthetic beads may be configured to be separated from the mixture based at least partly on
the difference between the size of the enriched synthetic beads having the valuable material
attached thereto in relation to the size of unwanted material in the mixture.

[0051] According to some embodiments of the present invention, the synthetic beads may be
configured either so that the size of the synthetic beads is greater than a maximum ground ore
particle size in the mixture, or so that the size of the synthetic beads is less than a minimum
ground ore particle size in the mixture.

[0052] According to some embodiments of the present invention, the synthetic beads may be
configured as solid polymer beads.

[0053] According to some embodiments of the present disclosure (not falling under the scope
of the present invention in this generalised form, only the material combinations disclosed in
the claims fall under the protective scope), the synthetic bubbles or beads may be configured
with a core material of sand, silica or other suitable material and also configured with a polymer
encapsulation.
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Weight-based Separation

[0054] The separation process may be implemented using weight-based separation, where
the synthetic beads are configured to be separated from the mixture based at least partly on
the difference between the weight of the enriched synthetic beads having the valuable material
attached thereto in relation to the weight of unwanted material in the mixture.

[0055] According to some embodiments of the present invention, the synthetic beads may be
configured so that the weight of the synthetic beads is greater than a maximum ground ore
particle weight in the mixture, or so that the weight of the synthetic beads is less than a
minimum ground ore particle weight in the mixture.

[0056] According to some embodiments of the present invention, the synthetic beads may be
configured as solid polymer beads, wherein only poly(dimethylsiloxane) beads fall under the
scope of protection.

[0057] According to some embodiments of the present disclosure (not falling under the scope
of the present invention), the synthetic bubbles or beads may be configured with a core
material of magnetite, air or other suitable material and also configured with a polymer
encapsulation.

Magnetic-based Separation (not falling under the scope of appended claims)

[0058] The separation process may be implemented using magnetic-based separation, where
the synthetic bubbles or beads may be configured to be separated from the mixture based at
least partly on the difference between the para-, ferri-, ferro-magnetism of the enriched
synthetic bubbles or beads having the valuable material attached thereto in relation to the
para-, ferri, ferro-magnetism of unwanted material in the mixture.

[0059] According to some embodiments of the present disclsoure, the synthetic bubbles or
beads may be configured so that the para-, ferri-, ferro-magnetism of the synthetic bubbles or
beads is greater than the para-, ferri-, ferro-magnetism of the unwanted ground ore particle in
the mixture.

[0060] According to some embodiments of the present disclosure, the synthetic bubbles or
beads may be configured with a ferro-magnetic or ferriimagnetic core that attract to
paramagnetic surfaces and also configured with a polymer encapsulation.

Density-based Separation



DK/EP 2714596 T3

[0061] The separation process may be implemented using density-based separation, where
the synthetic beads may be configured to be separated from the mixture based at least partly
on the difference between the density of the enriched synthetic beads having the valuable
material attached thereto and the density of the mixture.

Brief Description of the Drawing

[0062] Referring now to the drawing, which are not necessarily drawn to scale, the foregoing
and other features and advantages of the present invention will be more fully understood from
the following detailed description of illustrative embodiments, taken in conjunction with the
accompanying drawing in which like elements are numbered alike:

Figure 1 is a diagram of a flotation system, process or apparatus according to some
embodiments of the present invention.

Figure 2 is a diagram of a flotation cell or column that may be used in place of the flotation cell
or column that forms part of the flotation system, process or apparatus shown in Figure 1
according to some embodiments of the present disclosure.

Figure 3a shows a generalized synthetic bead which can be a size-based bead, weight-based
polymer bead, according to some embodiments of the present invention or alternative a
magnetic-based bead (not falling under the scope of the appended claims).

Figure 3b illustrates an enlarged portion of the synthetic bead showing a molecule or molecular
segment for attaching a function group to the surface of the synthetic bead, according to some
embodiments of the present invention.

Figure 4a illustrates a synthetic bead having a body made of a synthetic material, according to
some embodiments of the present invention.

Figure 4b illustrates a synthetic bead with a synthetic shell, according to some embodiments of
the present disclosure (not falling under the scope of the present invention).

Figure 4c illustrates a synthetic bead with a synthetic coating, according to some embodiments
of the present invention.

Figure 4d illustrates a synthetic bead taking the form of a porous block, a sponge or a foam,
according to some embodiments of the present invention.

Figure 5a illustrates the surface of a synthetic bead with grooves and/or rods, according to
some embodiments of the present invention.

Figure 5b illustrates the surface of a synthetic bead with dents and/or holes, according to some
embodiments of the present invention.

Figure 5c illustrates the surface of a synthetic bead with stacked beads, according to some
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embodiments of the present invention.

Figure 5d illustrates the surface of a synthetic bead with hair-like physical structures, according
to some embodiments of the present invention.

Figure 6 is a diagram of a bead recovery processor in which the valuable material is thermally
removed from the polymer beads, according to some embodiments of the present invention.

Figure 7 is a diagram of a bead recovery processor in which the valuable material is sonically
removed from the polymer beads, according to some embodiments of the present invention.

Figure 8 is a diagram of a bead recovery processor in which the valuable material is chemically
removed from the polymer beads, according to some embodiments of the present invention.

Figure 9 is a diagram of a bead recovery processor in which the valuable material is
electromagnetically removed from the polymer beads, according to some embodiments of the
present invention.

Figure 10 is a diagram of a bead recovery processor in which the valuable material is
mechanically removed from the polymer beads, according to some embodiments of the
present invention.

Figure 11 is a diagram of a bead recovery processor in which the valuable material is removed
from the polymer beads in two or more stages, according to some embodiments of the present
invention.

Figure 12 is a diagram of an apparatus using counter-current flow for mineral separation,
according to some embodiments of the present invention.

Figure 13a shows a generalized synthetic bead functionalized to be hydrophobic, wherein the
bead can be a size-based weight-based polymer bead, according to some embodiments of the
present invention or alternative a magnetic-based bead (not faling under the scope of the
appended claims).

Figure 13b illustrates an enlarged portion of the hydrophobic synthetic bead showing a wetted
mineral particle attaching the hydrophobic surface of the synthetic bead.

Figure 13c illustrates an enlarged portion of the hydrophobic synthetic bead showing a
hydrophobic non-mineral particle attaching the hydrophobic surface of the synthetic bead.

Figures 14a illustrates a mineral particle being attached to a number of much smaller synthetic
beads at the same time.

Figures 14b illustrates a mineral particle being attached to a number of slightly larger synthetic
beads at the same time.

Figures 15a illustrates a wetted mineral particle being attached to a number of much smaller
hydrophobic synthetic beads at the same time.
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Figures 15b illustrates a wetted mineral particle being attached to a number of slightly larger
hydrophobic synthetic beads at the same time.

Figures 16a and 16b illustrate some embodiments of the present disclosure (not falling under
the scope of the appended claims) wherein the synthetic bead have one portion functionalized
to have collector molecules and another portion functionalized to be hydrophobic.

Detailed Description of the Invention

Figure 1

[0063] By way of example, Figure 1 shows the present invention is the form of apparatus 10,
having a flotation cell or column 12 configured to receive a mixture of fluid (e.g. water),
valuable material and unwanted material, e.g., a pulp slurry 14; receive synthetic beads 70
(Fig. 3a to Fig. 5d) that are constructed to be buoyant when submerged in the pulp slurry or
mixture 14 and functionalized to control the chemistry of a process being performed in the
flotation cell or column, including to attach to the valuable material in the pulp slurry or mixture
14; and provide enriched synthetic beads 18 having the valuable material attached thereon.
The terms "synthetic bubbles or beads" and "polymer bubbles or beads" are used
interchangeably in this disclosure. The terms "valuable material”, "valuable mineral” and
"mineral particle” are also used interchangeably. By way of example, the synthetic beads 70
may be made from polymer or polymer-based materials, or silica or silica-based materials, or
glass or glass-based materials, whereby the scope of the invention is limited by the appended
claims. For the purpose of describing one example of the present disclosure, in Figure 1 the
synthetic beads 70 and the enriched synthetic beads 18 are shown as enriched polymer
beads.

[0064] The flotation cell or column 12 is configured with a top portion or piping 20 to provide
the enriched polymer beads 18 from the flotation cell or column 12 for further processing
consistent with that set forth herein.

[0065] The flotation cell or column 12 may be configured with a top part or piping 22, e.g.,
having a valve 22a, to receive the pulp slurry or mixture 14 and also with a bottom part or
piping 24 to receive the synthetic beads 70. In operation, the buoyancy of the synthetic beads
70 causes them to float upwardly from the bottom to the top of the flotation cell or column 12
through the pulp slurry or mixture 14 in the flotation cell or column 12 so as to collide with the
water, valuable material and unwanted material in the pulp slurry or mixture 14. The
functionalization of the synthetic beads 70 causes them to attach to the valuable material in the
pulp slurry or mixture 14. As used herein, the term "functionalization" means that the properties
of the material making up the synthetic beads 70 are either selected (based upon material
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selection) or modified during manufacture and fabrication, to be "attracted" to the valuable
material, so that a bond is formed between the synthetic beads 70 and the valuable material,
so that the valuable material is lifted through the cell or column 12 due to the buoyancy of the
synthetic beads 70. For example, the surface of synthetic beads has functional groups for
collecting the valuable material. Alternatively, the synthetic beads are functionalized to be
hydrophobic for attracting wetted mineral particles - those mineral particles having collector
molecules attached thereto. The types of beads which are part of the apparatus falling under
the scope of the present invention are defined in the appended claims. As a result of the
collision between the synthetic beads 70 and the water, valuable material and unwanted
material in the pulp slurry or mixture 14, and the attachment of the synthetic beads 70 and the
valuable material in the pulp slurry or mixture 14, the enriched polymer beads 18 having the
valuable material attached thereto will float to the top of the flotation cell 12 and form part of
the froth formed at the top of the flotation cell 12. The flotation cell 12 may include a top part or
piping 20 configured to provide the enriched polymer beads 18 having the valuable material
attached thereto, which may be further processed consistent with that set forth herein. In
effect, the enriched polymer beads 18 may be taken off the top of the flotation cell 12 or may
be drained off by the top part or piping 20.

[0066] The flotation cell or column 12 may be configured to contain an attachment rich
environment, including where the attachment rich environment has a high pH, so as to
encourage the flotation recovery process therein. The flotation recovery process may include
the recovery of ore particles in mining, including copper. The scope of the invention is not
intended to be limited to any particular type or kind of flotation recovery process either now
known or later developed in the future. The scope of the invention is also not intended to be
limited to any particular type or kind of mineral of interest that may form part of the flotation
recovery process either now known or later developed in the future.

[0067] According to some embodiments of the present invention, the synthetic beads 70 may
be configured with a surface area flux by controling some combination of the size of the
polymer beads and/or the injection rate that the pulp slurry or mixture 14 is received in the
flotation cell or column 12. The synthetic beads 70 may also be configured with a low density
so as to behave like air bubbles. The synthetic beads 70 may also be configured with a
controlled size distribution of medium that may be customized to maximize recovery of different
feed matrixes to flotation as valuable material quality changes, including as ore quality
changes.

[0068] According to some embodiments of the present invention, the flotation cell or column 12
may be configured to receive the synthetic beads 70 together with air, where the air is used to
create a desired froth layer in the mixture in the flotation cell or column 12 in order to achieve a
desired grade of valuable material. The synthetic beads 70 may be configured to lift the
valuable material to the surface of the mixture in the flotation cell or column.

The Thickener 28
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[0069] The apparatus 10 may also include piping 26 having a valve 26a for providing tailings to
a thickener 28 configured to receive the tailings from the flotation cell or column 12. The
thickener 28 includes piping 30 having a valve 30a to provide thickened tailings. The thickener
28 also includes suitable piping 32 for providing reclaimed water back to the flotation cell or
column 12 for reuse in the process. Thickeners like element 28 are known in the art, and the
scope of the invention is not intended to be limited to any particular type or kind either now
known or later developed in the future.

The Bead Recovery Process or Processor 50

[0070] According to some embodiments of the present invention, the apparatus 10 comprises
a bead recovery process or processor generally indicated as 50 configured to receive the
enriched polymer beads 18 and provide reclaimed polymer beads 52 without the valuable
material attached thereon so as to enable the reuse of the polymer beads 52 in a closed loop
process. By way of example, the bead recovery process or processor 50 may take the form of
a washing station whereby the valuable mineral is mechanically, chemically, or electro-statically
removed from the polymer beads 18.

[0071] The bead recovery process or processor 50 includes a releasing apparatus in the form
of a second flotation cell or column 54 having piping 56 with a valve 56a configured to receive
the enriched polymer beads 18; and substantially release the valuable material from the
polymer beads 18, and also having a top part or piping 57 configured to provide the reclaimed
polymer beads 52, substantially without the valuable material attached thereon The second
flotation cell or column 54 may be configured to contain a release rich environment, including
where the release rich environment has a low pH, or including where the release rich
environment results from ultrasonic waves pulsed into the second flotation cell or column 54.

[0072] The bead recovery process or processor 50 may also include piping 58 having a valve
56a for providing concentrated minerals to a thickener 60 configured to receive the
concentrated minerals from the flotation cell or column 54. The thickener 60 includes piping 62
having a valve 62a to provide thickened concentrate. The thickener 60 also includes suitable
piping 64 for providing reclaimed water back to the second flotation cell or column 54 for reuse
in the process. Thickeners like element 60 are known in the art, and the scope of the invention
is not intended to be limited to any particular type or kind either now known or later developed
in the future.

[0073] Embodiments are also envisioned in which the enriched synthetic beads are placed in a
chemical solution so the valuable material is dissolved off, or are sent to a smelter where the
valuable material is burned off, including where the synthetic beads are reused afterwards.

Dosage control
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[0074] According to some embodiments of the present disclosure (not falling under the scope
of the present invention), the synthetic beads or bubbles 70 may be functionalized to control
the chemistry of the process being performed in the cell or column, e.g. to release a chemical
to control the chemistry of the flotation separation process.

[0075] In an embodiment not falling under the scope of the present invention, the flotation cell
or column 12 in Figure 1 may be configured to receive polymer-based blocks like synthetic
beads containing one or more chemicals used in a flotation separation of the valuable material,
including mining ores, that are encapsulated into polymers to provide a slow or targeted
release of the chemical once released into the flotation cell or column 12. By way of example,
the one or more chemicals may include chemical mixes both now known and later developed
in the future, including typical frothers, collectors and other additives used in flotation
separation. The scope of the invention is not intended to be limited to the type or kind of
chemicals or chemical mixes that may be released into the flotation cell or column 12 using the
synthetic bubbles according to the present invention.

Figure 2: The Collision Technique

[0076] Figure 2 shows alternative apparatus generally indicated as 200 in the form of an
alternative flotation cell 201 that is based at least partly on a collision technique between the
mixture and the synthetic beads, according to some embodiments of the present disclosure.

[0077] The mixture 202, e.g. the pulp slurry, may be received in a top part or piping 204, and
the synthetic beads 206 may be received in a bottom part or piping 208. The flotation cell 201
may be configured to include a first device 210 for receiving the mixture 202, and also may be
configured to include a second device 212 for receiving the polymer-based materials. The first
device 210 and the second device 212 are configured to face towards one another so as to
provide the mixture 202 and the synthetic bubbles or beads 206, e.g., polymer or polymer-
based materials, using the collision technique. In Figure 2, the arrows 210a represent the
mixture being sprayed, and the arrows 212a represent the synthetic beads 206 being sprayed
towards one another in the flotation cell 201.

[0078] In operation, the collision technique causes vortices and collisions using enough energy
to increase the probability of touching of the polymer materials 206 and the valuable material in
the mixture 202, but not too much energy to destroy bonds that form between the polymer or
materials 206 and the valuable material in the mixture 202. Pumps, not shown, may be used to
provide the mixture 202 and the synthetic bubbles or beads 206 are the appropriate pressure
in order to implement the collision technique.

[0079] By way of example, the first device 210 and the second device 212 may take the form
of shower-head like devices having a perforated nozzle with a multiplicity of holes for spraying
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the mixture and the synthetic beads towards one another. Shower-head like devices are known
in the art, and the scope of the invention is not intended to be limited to any particular type or
kind thereof either now known or later developed in the future. Moreover, based on that
disclosed in the instant patent application, a person skilled in the art without undue
experimentation would be able to determine the number and size of the holes for spraying the
mixture 202 and the synthetic beads 206 towards one another, as well as the appropriate
pumping pressure in order to provide enough energy to increase the probability of touching of
the polymer or polymer-based materials 206 and the valuable material in the mixture 202, but
not too much energy to destroy bonds that form between the polymer materials 206 and the
valuable material in the mixture 202.

[0080] As a result of the collision between the synthetic beads 206 and the mixture, enriched
synthetic beads having the valuable material attached thereto will float to the top and form part
of the froth in the flotation cell 201. The flotation cell 201 may include a top part or piping 214
configured to provide enriched synthetic beads 216, e.g., enriched polymer beads as shown,
having the valuable material attached thereto, which may be further processed consistent with
that set forth herein.

[0081] The alternative apparatus 200 may be used in place of the flotation columns or cells,
and inserted into the apparatus or system shown in Figure 1, and may prove to be more
efficient than using the flotation columns or cells.

Figures 3a-5d: The Synthetic Bubbles or Beads

[0082] The beads used in mineral separation are referred herein as synthetic beads. At least
the surface of the synthetic beads has a layer of polymer functionalized to attract or attach to
the value material or mineral particles in the mixture. The term "polymer beads", and the term
"synthetic beads" are used interchangeably. The term "polymer" in this specification means a
large molecule made of many units of the same or similar structure linked together. The unit
can be a monomer or an oligomer which forms the basis of, for example, polyamides (nylon),
polyesters, polyurethanes, phenolformaldehyde, urea-formaldehyde, melamine-formaldehyde,
polyacetal, polyethylene, polyisobutylene, polyacrylonitrile, poly(vinyl chloride), polystyrene,
poly(methyl methacrylates), poly(vinyl acetate), poly(vinylidene chloride), polyisoprene,
polybutadiene, polyacrylates, poly(carbonate), phenolic resin, polydimethylsiloxane and other
organic or inorganic polymers. The list is not necessarily exhaustive. However, only beads
consisting of polydimethylsiloxane fall under the scope of protection defined by the claims.
While the physical properties of the synthetic beads can vary, the surface of the synthetic
beads is chemically functionalized to provide a plurality of functional groups to attract or attach
to mineral particles. (By way of example, the term "functional group” may be understood to be
a group of atoms responsible for the characteristic reactions of a particular compound,
including those define the structure of a family of compounds and determine its properties.)

[0083] For aiding a person of ordinary skill in the art in understanding various embodiments of
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the present invention, Figure 3a shows a generalized synthetic bead and Figure 3b shows an
enlarged portion of the surface. The synthetic bead can be a size-based bead, weight-based
polymer bead, according to some embodiments of the present invention or alternative a
magnetic-based bead (not falling under the scope of the appended claims).

[0084] As shown in Figures 3a and 3b, the synthetic bead 70 has a bead body to provide a
bead surface 74. At least the outside part of the bead body is made of a synthetic material,
such as polymer, so as to provide a plurality of molecules or molecular segments76 on the
surface 74. The molecule 76 can be used to attach a chemical functional group 78 to the
surface 74.

[0085] In general, the molecule 76 can be a hydrocarbon chain, for example, and the
functional group 78 can have an anionic bond for attracting or attaching a mineral, such as
copper to the surface 74 (this example does not fall under the scope of the appended claims).
A xanthate, not falling under the scope of the appended claims, has both the functional group
78 and the molecular segment 76 to be incorporated into the polymer that is used to make the
synthetic bead 70. A functional group 78 is also known as a collector that is either ionic or non-
ionic. The ion can be anionic or cationic. An anion includes oxyhydryl, such as carboxylic,
sulfates and sulfonates, and sulfhydral, such as xanthates and dithiophosphates. Other
molecules or compounds that can be used to provide the function group 78 include, but are not
limited to, thionocarboamates, thioureas, xanthogens, monothiophosphates, hydroquinones
and polyamines. Similarly, a chelating agent can be incorporated into (not falling under the
scope of the appended claims) or onto the polymer as a collector site for attracting a mineral,
such as copper.

[0086] As shown in Figure 3b, a mineral particle 72 is attached to the functional group 78 on a
molecule 76. In general, the mineral particle 72 is much smaller than the synthetic bead 70.
Many mineral particles 72 can be attracted to or attached to the surface 74 of a synthetic bead
70.

[0087] In some embodiments of the present invention, a synthetic bead has a solid-phase
body made of a synthetic material, such as according appended claims the polymer is
polydimethylsiloxane. The polymer can be rigid or elastomeric. An elastomeric polymer can be
polyisoprene or polybutadiene, for example, however said materials do not fall under the
appended claims.

[0088] The synthetic bead 70 has a bead body 80 having a surface comprising a plurality of
molecules with one or more functional groups for attracting mineral particles to the surface. A
polymer having a functional group to collect mineral particles is referred to as a functionalized
polymer. In one embodiment, the entire interior part 82 of the synthetic bead 80 is made of the
same functionalized material, as shown in Figure 4a. In another embodiment (not falling under
the appended claims), the bead body 80 comprises a shell 84. The shell 84 can be formed by
way of expansion, such as thermal expansion or pressure reduction. The shell 84 can be a
micro-bubble or a balloon. In Figure 4b, the shell 84, which is made of functionalized material,
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has an interior part 86. The interior part 86 can be filled with air or gas to aid buoyancy, for
example. The interior part 86 can be used to contain a liquid to be released during the mineral
separation process. The encapsulated liquid can be a polar liquid or a non-polar liquid, for
example. The encapsulated liquid can contain a depressant composition for the enhanced
separation of copper, nickel, zinc, lead in sulfide ores in the flotation stage, for example. The
shell 84 can be used to encapsulate a powder which can have a magnetic property so as to
cause the synthetic bead to be magnetic, for example. The encapsulated liquid or powder may
contain monomers, oligomers or short polymer segments for wetting the surface of mineral
particles when released from the beads. For example, each of the monomers or oligomers
may contain one functional group for attaching to a mineral particle and an ion for attaching the
wetted mineral particle to the synthetic bead. The shell 84 can be used to encapsulate a solid
core, such as Styrofoam to aid buoyancy, for example. In yet another embodiment, only the
coating of the bead body is made of functionalized polymer. As shown in Figure 4c, the
synthetic bead has a core 90 made of ceramic, glass or metal and only the surface of core 90
has a coating 88 made of functionalized polymer, whereby only specific material combinations
for glass or ceramic fall under the protective scope as indicated by the appended claims.

[0089] The core 90 can be a hollow core or a filled core depending on the application. The
core 90 can be a micro-bubble, a sphere or balloon. For example, a filled core made of metal
makes the density of the synthetic bead to be higher than the density of the pulp slurry, for
example (albeit not falling under the scope of the invention). The core 90 can be made of a
magnetic material so that the para-, ferri-, ferro-magnetism of the synthetic bead is greater
than the para-, ferri-, ferro-magnetism of the unwanted ground ore particle in the mixture. In a
different embodiment (not according to the invention), the synthetic bead can be configured
with a ferro-magnetic or ferri-magnetic core that attract to paramagnetic surfaces. A core 90
made of glass or ceramic can be used to make the density of the synthetic bead substantially
equal to the density of the pulp slurry so that when the synthetic beads are mixed into the pulp
slurry for mineral collection, the beads can be in a suspension state.

[0090] According to a different embodiment of the present disclosure (not according to the
invention), the synthetic bead 70 can be a porous block or take the form of a sponge or foam
with multiple segregated gas filled chambers. The combination of air and the synthetic beads
70 can be added to traditional naturally aspirated flotation cell.

[0091] It should be understood that the term "bead" does not limit the shape of the synthetic
bead of the present invention to be spherical, as shown in Figure 3. In some embodiments of
the present invention, the synthetic bead 70 can have an elliptical shape, a cylindrical shape, a
shape of a block. Furthermore, the synthetic bead can have an irregular shape.

[0092] It should also be understood that the surface of a synthetic bead, according to the
present invention, is not limited to an overall smooth surface as shown in Figure 3a. In some
embodiments of the present invention, the surface can be irregular and rough. For example,
the surface 74 can have some physical structures 92 like grooves or rods as shown in Figure
5a. The surface 74 can have some physical structures 94 like holes or dents as shown in



DK/EP 2714596 T3

Figure 5b. The surface 74 can have some physical structures 96 formed from stacked beads
as shown in Figure 5c. The surface 74 can have some hair-like physical structures 98 as
shown in Figure 5d. In addition to the functional groups on the synthetic beads that attract
mineral particles to the bead surface, the physical structures can help trapping the mineral
particles on the bead surface. The surface 74 can be configured to be a honeycomb surface or
sponge-like surface for trapping the mineral particles and/or increasing the contacting surface.

[0093] It should also be noted that the synthetic beads of the present invention can be realized
by a different way to achieve the same goal. Namely, it is possible to use a different means to
attract the mineral particles to the surface of the synthetic beads. Alternatively, the surface of
beads made of glass, ceramic and metal can be coated with hydrophobic chemical molecules
or compounds. Using the coating of glass beads as an example, polysiloxanates are used to
functionalize the glass beads in order to make the synthetic beads (according to the invention).
In the pulp slurry, xanthate and hydroxamate collectors can also be added therein for collecting
the mineral particles and making the mineral particles hydrophobic. When the synthetic beads
are used to collect the mineral particles in the pulp slurry having a pH value around 8-9, it is
possible to release the mineral particles on the enriched synthetic beads from the surface of
the synthetic beads in an acidic solution, such as a sulfuric acid solution. It is also possible to
release the mineral particles carrying with the enriched synthetic beads by sonic agitation, such
as ultrasonic waves.

[0094] The multiplicity of hollow objects, bodies, elements or structures may include hollow
cylinders or spheres, as well as capillary tubes, or some combination thereof (albeit not falling
under the scope of the present invention). The scope of the disclosure is not intended to be
limited to the type, kind or geometric shape of the hollow object, body, element or structure or
the uniformity of the mixture of the same. Each hollow object, body, element or structure may
be configured with a dimension so as not to absorb liquid, including water, including where the
dimension is in a range of about 20-30 microns. Each hollow object, body, element or structure
may be made of glass or a glass-like material, as well as some other suitable material either
now known or later developed in the future.

[0095] By way of example, the multiplicity of hollow objects, bodies, elements or structures that
are received in the mixture may include a number in a range of multiple thousands of beads
per 28,3 litres (cubic foot) of mixture, although the scope of the invention is not intended to be
limited per se to the specific number of bubbles. For instance, a mixture of about 84950.54
litres (3000 cubic feet) may include multiple millions of bubbles or beads, e.g., having a size of
about 1 millimeter, in 84950.54 litres (3000 cubic feet) of the mixture.

[0096] The multiplicity of hollow objects, bodies, elements or structures may be configured with
chemicals applied to prevent migration of liquid into respective cavities, unfilled spaces or holes
before the wet concrete mixture cures, including where the chemicals are hydrophobic
chemicals.

[0097] The scope of the invention is intended to include the synthetic beads as defined in the
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appended claims.

Figures 6-11: Releasing Mechanism

[0098] Various embodiments of the present invention are envisioned as examples to show that
the wvaluable minerals can be mechanicallyy, chemically, thermally, optically or
electromagnetically removed or released from the enriched synthetic beads.

[0099] By way of example, the bead recovery process or processor 50 as shown in Figure 1
can be adapted for the removal of valuable minerals from the enriched synthetic beads in
different ways. The releasing apparatus may include, or take the form of, a heater 150 (Figure
6) configured to provide thermal heat for the removal of the valuable minerals from the
enriched synthetic beads; an ultrasonic wave producer 164 (Figure 7) configured to provide an
ultrasonic wave for the removal of valuable minerals from the enriched synthetic beads, a
container 168 (Figure 8) configured to provide an acid or acidic solution 170 for the removal of
the valuable minerals from the enriched synthetic beads; a microwave source 172 (Figure 9)
configured to provide microwaves for the removal of the valuable minerals from the enriched
synthetic beads, a motor 186 and a stirrer 188 (Figure 10) configured to stir the enriched
synthetic beads for the removal of the valuable minerals from the enriched synthetic beads,
and multiple release or recovery processors (Figure 11) configured to use multiple release or
recovery techniques for the removal of the valuable minerals from the enriched synthetic
beads.

[0100] According to some embodiments of the present invention, the aforementioned releasing
apparatus may be responsive to signalling, e.g., from a controller or control processor. In view
of the aforementioned, and by way of example, the releasing techniques are set forth in detail
below:

Thermally Releasing Valuable Material

[0101] The synthetic beads 70, as shown in Figure 3a to 5¢, can be made of a polymer which
is softened when subjected to elevated temperature. It is known that a polymer may become
rubbery above a certain temperature. This is due to the polymer-glass transition at a glass
transition temperature, Tg. In general, the physical properties of a polymer are dependent on
the size or length of the polymer chain. In polymers above a certain molecular weight,
increasing chain length tends to increase the glass transition temperature Tg. This is a result of
the increase in chain interactions such as Van der Waals attractions and entanglements that
may come with increased chain length. A polymer such as polyvinyl chloride (PVC), has a glass
transition temperature around 83 degrees Celsius. If the polymer beads 70 have a hair-like
surface structures 98 (see Figure 5d) in order to trap the mineral particles 72 (see Figure 3b),
the hair-like surface structures 98 could become soft. Thus, in a certain polymer at the rubbery
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state, the hair-like surface structures 98 could lose the ability of holding the mineral particles.
Since the separation process as shown in Figures 1 and 2 is likely to take place in room
temperature or around 23 degrees Celsius. Any temperature, say, higher than 50 degrees
Celsius, could soften the hair-like surface structures 98 (see Figure 5d). For synthetic bubbles
or beads 70 made of PVC (not falling under the scope of the appended claims), a temperature
around or higher than 83 degrees Celsius can be used to dislodge the mineral particles from
the surface structure of the synthetic beads. According to one embodiment of the present
invention, the bead recovery process or processor 50 as shown in Figure 1 can be adapted for
removing the mineral particles in the enriched polymer beads 18. For example, as the
reclaimed water is moved out of the thickener 60 through piping 64, a heater 150 can be used
to heat the reclaimed water as shown in Figure 6. As such, the heated reclaimed water 152
can be arranged to wash the enriched polymer beads 18 inside the flotation column 54,
thereby releasing at least some of the valuable material or mineral particles attached on the
enriched polymer beads 18 to piping 58. It is possible to heat the reclaimed water to or beyond
the glass transition temperature of the polymer that is used to make the polymer beads. The
elevated temperature of the heated reclaimed water 152 could also weaken the bonds
between the collectors 78 and the mineral particles 72 (see Figure 3b). It is possible to use a
heater to boil the water into steam and to apply the steam to the enriched polymer bubbles. It
is also possible to generate superheated steam under a pressure and to apply the
superheated steam to the enriched polymer beads.

Sonically Releasing Valuable Material

[0102] When ultrasonic waves are applied in a solution or mixture containing the enriched
polymer beads, at least two possible effects could take place in interrupting the attachment of
the valuable material to the surface of the polymer beads. The sound waves could cause the
attached mineral particles to move rapidly against the surface of the polymer beads, thereby
shaking the mineral particles loose from the surface. The sound waves could also cause a
shape change to the synthetic beads, affecting the physical structures on the surface of the
synthetic beads. It is known that ultrasound is a cyclic sound pressure with a frequency greater
than the upper limit of human hearing. Thus, in general, ultrasound goes from just above 20
kilohertz (KHz) all the way up to about 300KHz. In ultrasonic cleaners, low frequency ultrasonic
cleaners have a tendency to remove larger particle sizes more effectively than higher
operational frequencies. However, higher operational frequencies tend to produce a more
penetrating scrubbing action and to remove particles of a smaller size more effectively. In
mineral releasing applications involving mineral particles finer than 100um to 1 mm or larger,
according to some embodiments of the present invention, the ultrasonic wave frequencies
range from 10Hz to 10MHz. By way of example, the bead recovery process or processor 50 as
shown in Figure 1 can be adapted for removing the mineral particles in the enriched polymer
beads 18 by applying ultrasound to the solution in the flotation column 54. For example, as the
reclaimed water from piping 64 is used to wash the enriched polymer beads 18 inside the
flotation column 54, it is possible to use an ultrasonic wave producer 164 to apply the
ultrasound 166 in order to release the valuable material (mineral particles 72, Figure 3b) from
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the enriched polymer beads 18. A diagram illustrating the ultrasonic application is shown in
Figure 7. According to some embodiments of the present application, an ultrasonic frequency
that is the resonant frequency of the synthetic beads is selected for mineral releasing
applications.

Chemically Releasing Valuable Material

[0103] In physisorption, the valuable minerals are reversibly associated with the synthetic
beads, attaching due to electrostatic attraction or van der Waals bonding. The physisorbed
mineral particles can be desorbed or released from the surface of the synthetic beads if the pH
value of the solution changes. Furthermore, the surface chemistry of the most minerals is
affected by the pH. Some minerals develop a positive surface charge under acidic conditions
and a negative charge under alkaline conditions. The effect of pH changes is generally
dependent on the collector and the mineral collected. For example, chalcopyrite becomes
desorbed at a higher pH value than galena, and galena becomes desorbed at a higher pH
value than pyrite. If the valuable mineral is collected at a pH of 8 to 11, it is possible to weaken
the bonding between the valuable mineral and the surface of the polymer beads by lower the
pH to 7 and lower. However, an acidic solution having a pH value of 5 or lower would be more
effective in releasing the valuable mineral from the enriched polymer beads. According to one
embodiment of the present invention, the bead recovery process or processor 50 as shown in
Figure 1 can be adapted for removing the mineral particles in the enriched polymer beads 18
by changing the pH of the solution in the flotation column 54. For example, as the reclaimed
water from piping 64 is used to wash the enriched polymer beads 18 inside the flotation
column 54, it is possible to use a container 168 to release an acid or acidic solution 170 into
the reclaimed water as shown in Figure 8. There are a number of acids easily available for
changing the pH. For example, sulfuric acid (HCI), hydrochloric acid (H>SO4), nitric acid

(HNOg3), perchloric acid (HCIOy4), hydrobromic acid (HBr) and hydroiodic acid (HI) are among

the strong acids that completely dissociate in water. However, sulfuric acid and hydrochloric
acid can give the greater pH change at the lowest cost. The pH value used for mineral
releasing ranges from 7 to 0. Using a very low pH may cause the polymer beads to degrade. It
should be noted that, however, when the valuable material is copper, for example, it is possible
to provide a lower pH environment for the attachment of mineral particles and to provide a
higher pH environment for the releasing of the mineral particles from the synthetic beads.

[0104] In general, the pH value is chosen to facilitate the strongest attachment, and a different
pH value is chosen to facilitate release. Thus, according to some embodiments of the present
invention, one pH value is chosen for mineral attachment, and a different pH value is chosen
for mineral releasing. The different pH could be higher or lower, depending on the specific
mineral and collector.

Electromagnetically Releasing Valuable Material
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[0105] More than one way can be used to interrupt the bonding between the mineral particles
and the synthetic beads electromagnetically. For example, it is possible to use microwaves to
heat up the enriched synthetic beads and the water in the flotation column. It is also possible
use a laser beam to weaken the bonds between the functional groups and the polymer surface
itself. Thus, it is possible to provide a microwave source or a laser light source where the
enriched synthetic beads are processed. By way of example, the bead recovery process or
processor 50 as shown in Figure 1 can be adapted for removing the mineral particles in the
enriched polymer beads 18 by using an electromagnetic source to provide electromagnetic
waves to the solution or mixture in the flotation column 54. For example, as the reclaimed
water from piping 64 is used to wash the enriched polymer beads 18 inside the flotation
column 54, it is possible to use a microwave source 172 to apply the microwave beam 174 in
order to release the valuable material (mineral particles 72, Figure 3b) from the enriched
polymer beads 18. A diagram illustrating the ultrasonic application is shown in Figure 9.

Mechanically Releasing Valuable Material

[0106] When the enriched synthetic beads are densely packed such that they are in a close
proximity to each other, the rubbing action among adjacent synthetic beads may cause the
mineral particles attached to the enriched synthetic bubbles or beads to be detached. By way
of example, the bead recovery process or processor 50 as shown in Figure 1 can be adapted
for removing the mineral particles in the enriched polymer beads 18 mechanically. For
example, a motor 186 and a stirrer 188 are used to move the enriched polymer beads around,
causing the enriched polymer beads 18 inside the flotation column 54 to rub against each
other. If the synthetic beads are magnetic, the stirrer 188 can be a magnetic stirrer. A diagram
illustrating a mechanical release of valuable material is shown in Figure 10.

Other Types or Kinds of Release Techniques

[0107] A heater like element 150 (Figure 6), an ultrasonic wave producer like element 164
(Figure 7), a container like element 168 (Figure 8), a microwave source like element 172
(Figure 9), a motor and stirrer like elements 186 188 (Figure 10) are known in the art, and the
scope of the invention is not intended to be limited to any particular type or kind thereof either
now known or later developed in the future.

Multi-Stage Removal of Valuable Material

[0108] More than one of the methods for releasing the valuable material from the enriched
synthetic beads can be used in the same bead recovery process or processor at the same
time. For example, while the enriched synthetic beads 18 are subjected to ultrasonic agitation
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(see Figure 7), the reclaimed water can also be heated by a water heater, such as a heater
150 as depicted in Figure 6. Furthermore, an acidic solution can be also added to the water to
lower the pH in the flotation column 54. In a different embodiment of the present invention,
same or different releasing methods are used sequentially in different stages. By way of
example, the enriched polymer beads 216 from the separation apparatus 200 (see Figure 2)
can be processed in a multi-state processor 203 as shown in Figure 11. The apparatus 200
has a first recovery processor 218 where an acidic solution is used to release the valuable
material at least partially from the enriched polymer beads 216. A filter 219 is used to separate
the released mineral 226 from the polymer bubbles 220. At a second recovery processor 222,
an ultrasound source is used to apply ultrasonic agitation to the polymer beads 220 in order to
release the remaining valuable material, if any, from the polymer beads. A filter 223 is used to
separate the released mineral 226 from the reclaimed polymer beads 224. It is understood that
more than two processing stages can be carried out and different combinations of releasing
methods are possible.

Figure 12: Horizontal Pipeline

[0109] According to some embodiments of the present invention, the separation process can
be carried out in a horizontal pipeline as shown in Figure 12. As shown in Figure 12, the
synthetic beads 308 may be used in, or form part of, a size-based separation process using
countercurrent flows with mixing implemented in apparatus such as a horizontal pipeline
generally indicated as 300. In Figure 12, the horizontal pipeline 310 is configured with a screen
311 to separate the enriched synthetic beads 302 having the valuable material attached
thereto from the mixture based at least partly on the difference in size. The horizontal pipeline
310 may be configured to separate the enriched synthetic beads 302 having the valuable
material attached thereto from the mixture using countercurrent flows with mixing, so as to
receive in the horizontal pipeline 310 slurry 304 flowing in a first direction A, receive in the
horizontal pipeline 300 synthetic beads 308 flowing in a second direction B opposite to the first
direction A, provide from the horizontal pipeline 308 the enriched synthetic beads 302 having
the valuable material attached thereto and flowing in the second direction B, and provide from
the horizontal pipeline 310 waste or tailings 306 that is separated from the mixture using the
screen 311 and flowing in the second direction B. In a horizontal pipeline 310, it is not
necessary that the synthetic bubbles 308 be lighter than the slurry 304. The density of the
synthetic bubbles 308 can be substantially equal to the density of the slurry 304 so that the
synthetic bubbles can be in a suspension state while they are mixed with slurry 304 in the
horizontal pipeline 310.

[0110] It should be understood that the sized-based bead, weight-based bead, according to
some embodiments of the present invention or alternative a magnetic-based bead (not falling
under the scope of the appended claims) as described in conjunction with Figures 3a-5d can
be functionalized to be hydrophobic so as to attract mineral particles. Figure 13a shows a
generalized hydrophobic synthetic bead, Figure 13b shows an enlarged portion of the bead
surface and a mineral particle, and Figure 13b shows an enlarged portion of the bead surface
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and a non-mineral particle. As shown in Figure 13a the hydrophobic synthetic bead 170 has a
polymer surface 174 and a plurality of particles 172, 172" attached to the polymer surface 174.
Figure 13b shows an enlarged portion of the polymer surface 174 on which a plurality of
molecules 179 rendering the polymer surface 174 hydrophobic.

[0111] A mineral particle 171 in the slurry, after combined with one or more collector molecules
73, becomes a wetted mineral particle 172. The collector molecule 73 has a functional group
78 attached to the mineral particle 171 and a hydrophobic end or molecular segment 76. The
hydrophobic end or molecular segment 76 is attracted to the hydrophobic molecules 179 on
the polymer surface 174. Figure 13c shows an enlarged portion of the polymer surface 174
with a plurality of hydrophobic molecules 179 for attracting a non-mineral particle 172'. The
non-mineral particle 172' has a particle body 171" with one or more hydrophobic molecular
segments 76 attached thereto. The hydrophobic end or molecular segment 76 is attracted to
the hydrophobic molecules 179 on the polymer surface 174. The term "polymer” in this
specification means a large molecule made of many units of the same or similar structure
linked together. Furthermore, the polymer associated with Figures 13a-13c can be naturally
hydrophobic or functionalized to be hydrophobic. Some polymers having a long hydrocarbon
chain or silicon-oxygen backbone, for example, tend to be hydrophobic. Hydrophobic polymers
include polystyrene, poly(d,l-lactide), poly(dimethylsiloxane), polypropylene, polyacrylic,
polyethylene, etc. The beads, such as synthetic bead 170 are made of glass coated with
hydrophobic silicone polymer limited to polysiloxanates so that the beads become hydrophobic.
The beads can be made of metal to be coated with silicone alkyd copolymer, for example, so
as to render the bubbles or beads (not falling under the scope of the appended claims). The
beads are made of ceramic coated with fluoroalkylsilane (according to an embodiment of the
invention). so as to render the beads hydrophobic. The beads can be made of hydrophobic
polymers, such as polystyrene and polypropylene to provide a hydrophobic (not according to
the invention). The wetted mineral particles attached to the hydrophobic synthetic beads can
be released thermally, ultrasonically, electromagneticallyy, mechanically or in a low pH
environment.

[0112] Figure 14a illustrates a scenario where a mineral particle 72 is attached to a number of
synthetic beads 74 at the same time. Thus, although the synthetic beads 74 are much smaller
in size than the mineral particle 72, a number of synthetic beads 74 may be able to lift the
mineral particle 72 upward in a flotation cell. Likewise, a smaller mineral particle 72 can also be
lifted upward by a number of synthetic beads 74 as shown in Figure 14b. In order to increase
the likelihood for this "cooperative" lifting to occur, a large number of synthetic beads 74 can be
mixed into the slurry. Unlike air bubbles, the density of the synthetic beads can be chosen such
that the synthetic beads may stay along in the slurry before they rise to surface in a flotation
cell.

[0113] Figures 15a and 15b illustrate a similar scenario. As shown, a wetted mineral particle
172 is attached to a number of hydrophobic synthetic beads 174 at the same time.

[0114] According to some embodiments of the present invention, only a portion of the surface
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of the synthetic bead is functionalized to be hydrophobic. This has the benefits as follows:

1. 1. Keeps too many beads from clumping together - or limits the clumping of beads,

2.2. Once a mineral is attached, the weight of the mineral is likely to force the bead to
rotate, allowing the bead to be located under the bead as it rises through the flotation
cell;

1. a. Better cleaning as it may let the gangue to pass through
2. b. Protects the attached mineral particle or particles from being knocked off, and
3. ¢. Provides clearer rise to the top collection zone in the flotation cell.

[0115] According to some embodiments of the present disclosure (not falling under the scope
of the appended claims), only a portion of the surface of the synthetic bead is functionalized
with collectors. This also has the benefits of

1. 1. Once a mineral is attached, the weight of the mineral is likely to force the bead to
rotate, allowing the bead to be located under the bead as it rises through the flotation
cell;

1. a. Better cleaning as it may let the gangue to pass through
2. b. Protects the attached mineral particle or particles from being knocked off, and
3. ¢. Provides clearer rise to the top collection zone in the flotation cell.

[0116] According to some embodiments of the present disclosure (not falling under the scope
of the present invention), one part of the synthetic bead is functionalized with collectors while
another part of same synthetic bead is functionalized to be hydrophobic as shown in Figures
16a and 16b. As shown in Figure 16a, a synthetic bead 74 has a surface portion where
polymer is functionalized to have collector molecules 73 with functional group 78 and molecular
segment 76 attached to the surface of the bead 74. The synthetic bead 74 also has a different
surface portion where polymer is functionalized to have hydrophobic molecules 179. In the
embodiment as shown in Figure 16b, the entire surface of the synthetic bead 74 can be
functionalized to have collector molecules 73, but a portion of the surface is functionalized to
have hydrophobic molecules 179 render it hydrophobic.

[0117] This "hybrid" synthetic bead can collect mineral particles that are wet and not wet.

Applications

[0118] The scope of the invention is described in relation to mineral separation, including the
separation of copper from ore. It should be understood that the synthetic beads according to
the present invention, whether functionalized to have a collector (not falling under the scope of
the appended claims) or functionalized to be hydrophobic (according to the invention), are also
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configured for use in oilsands separation - to separate bitumen from sand and water in the
recovery of bitumen in an oilsands mining operation. Likewise, the functionalized filters and
membranes, according to some embodiments of the present disclosure (not falling under the
scope of the appended claims), are also configured for oilsands separation.

[0119] According to some embodiments of the present disclosure (not falling under the scope
of the appended claims), the surface of a synthetic bead can be functionalized to have a
collector molecule. The collector has a functional group with an ion capable of forming a
chemical bond with a mineral particle. A mineral particle associated with one or more collector
molecules is referred to as a wetted mineral particle. According to the present invention, the
synthetic bead is functionalized to be hydrophobic in order to collect one or more wetted
mineral particles.

[0120] The scope of the disclosure is intended to include other types or kinds of applications
including a flotation circuit, leaching, smelting, a gravity circuit, a magnetic circuit, or water
pollution control.

The Scope of the Invention

[0121] It should be further appreciated that any of the features, characteristics, alternatives or
modifications described regarding a particular embodiment herein may also be applied, used,
or incorporated with any other embodiment described herein. In addition, it is contemplated
that, while the embodiments described herein are useful for homogeneous flows, the
embodiments described herein can also be used for dispersive flows having dispersive
properties (e.g., stratified flow). The invention is defined by the appended independent claims.
Any information falling outside the scope of the claims is for explanation only.
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Patentkrav

1. Fremgangsmade omfattende:
i en processor at modtage en flerhed af syntetiske kugler, som beerer
mineralpartikler, idet hver af de syntetiske kugler omfatter en overflade og
en flerhed af molekyler fastgjort pa overfladen, idet molekylerne omfatter
en funktionel gruppe konfigureret til at tiltraekke et eller flere af
mineralpartiklerne til molekylerne, hvilket far mineralpartiklerne til at
danne en kemisk binding med den funktionelle gruppe for at fastggres til
overfladen af de syntetiske kugler; og
at afbryde den kemiske binding af den funktionelle gruppe for at fjerne
mineralpartiklerne fra de syntetiske kugler, hvor de syntetiske kugler
- bestar af poly(dimethylsiloxan), eller
- bestar af glas med en polysiloxanatbelaegning, eller
- bestar af keramik med en fluoralkylsilanbelaagning.

2. Fremgangsmaden ifglge krav 1, hvor de syntetiske kugler, som baerer
mineralpartiklerne, modtages i en blanding med en fgrste temperatur, hvor
naevnte afbrydelse omfatter at fa de syntetiske kugler, som baerer mineral-
partiklerne, til at komme i kontakt med et medium med en anden temperatur,

som er hgjere end den fgrste temperatur.

3. Fremgangsmaden ifglge krav 1, hvor de syntetiske kugler, som baerer mineral-
partiklerne, bringes i kontakt med en vaaske, og hvor naevnte afbrydelse omfatter
at pafgre en lydbevaegelse eller mikrobglger pa vaesken for at fa mineral-
partiklerne til at skilles fra de syntetiske kugler, herunder hvor naevnte afbrydelse
omfatter at tilvejebringe en ultralydskilde for at pafgre lydbevaegelsen pa vaesken,
og fortrinsvis hvor enten ultralydskilden er indrettet til at generere ultralyd i
omradet fra 10Hz til 10MHz til lydbevaegelsen, eller de syntetiske kugler omfatter
en resonansfrekvens, og ultralydskilden er konfigureret til at generere en
ultralydsfrekvens i alt vaasentligt lig med resonansfrekvensen.

4. Fremgangsmaden ifglge krav 1, hvor de syntetiske kugler, som baerer mineral-
partiklerne, modtages sammen med en blanding med en fgrste pH-vaerdi, hvor

naevnte afbrydelse omfatter at bringe de syntetiske kugler, som bzerer mineral-



10

15

20

25

30

DK/EP 2714596 T3

2

partiklerne i kontakt med et medium med en anden pH-veaerdi, som er forskellige
fra den farste pH-vaerdi, herunder hvor den anden pH-vaerdi er i omradet fra O til
7.

5. Fremgangsmaden ifglge krav 1, hvor naevnte afbrydelse omfatter mekanisk at
fa de syntetiske kugler til at bevaege sig mod hinanden, herunder hvor naevnte
afbrydelse omfatter at arrangere et rotationsorgan til at omrgre de syntetiske

kugler.

6. Fremgangsmaden ifglge krav 1, hvor de syntetiske kugler, som baerer mineral-
partiklerne, modtages sammen med en blanding, hvor navnte afbrydelse
omfatter at vaelge to eller flere af fglgende afbrydelsesfremgangsmader: 1) at
reducere blandingens pH-vaerdi, 2) at pafgre en ultralyd pa blandingen; 3) at gge
temperaturen af blandingen og 4) mekanisk at omrgre blandingen, herunder hvor
de valgte afbrydelsesfremgangsmader anvendes pa blandingen samtidigt eller

sekventielt.

7. Apparat omfattende en processor (50), et frigivelsesapparat (54) og en flerhed
af syntetiske kugler (18, 70) som beerer mineralpartikler,
naevnte processor er konfigureret til at modtage naevnte flerhed af
syntetiske kugler, som baerer mineralpartikler, idet hver af de syntetiske
kugler (70) omfatter en overflade (74) og en flerhed af molekyler (76)
fastgjort pa overfladen, idet molekylerne omfatter en funktionel gruppe
(78) til at tiltraekke en eller flere af mineralpartiklerne (72) til molekylerne,
hvilket far mineralpartiklerne til at danne en kemisk binding med den
funktionelle gruppe for at fastggres til overfladen af de syntetiske kugler;
0g
frigivelsesapparat konfigureret til at afbryde den kemiske binding af den
funktionelle gruppe for at fjerne mineralpartiklerne fra de syntetiske kugler,
hvor de syntetiske kugler
- bestar af poly(dimethylsiloxan) (82), eller
- bestar af glas (90) med en polysiloxanatbelagning (88), eller
- bestar af keramik (90) med en fluoralkylsilanbelaegning (88).
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8. Apparatet ifglge krav 7, hvor de syntetiske kugler, som baerer mineral-
partiklerne, modtages i en blanding med en fgrste temperatur, hvor naevnte
frigivelsesapparat er konfigureret til at fa de syntetiske kugler, som baerer
mineralpartiklerne til at komme i kontakt med et medium med en anden

temperatur, som er hgjere end den fgrste temperatur.

9. Apparatet ifglge krav 7, hvor de syntetiske kugler, som baerer mineral-
partiklerne bringes i kontakt med en vaeske, og hvor naevnte frigivelsesapparat er
konfigureret til at pafgre en lyd (166) eller (174) pa vaesken for at f& mineral-
partiklerne til at skilles fra de syntetiske kugler, herunder hvor naevnte frigivelses-
apparat er en ultralydskilde (164) konfigureret til at pafgre lydbevaegelsen pa
vaesken, og en kombination af ultralydskilden er konfigureret til at generere
ultralyd i omradet fra 10Hz til 10MHz til lydbevaegelsen, eller de syntetiske kugler
omfatter en resonansfrekvens, og ultralydskilden er konfigureret til at generere en
ultralydsfrekvens i alt vaasentligt lig med resonansfrekvensen.

10. Apparatet ifglge krav 7, hvor de syntetiske kugler, som bzerer mineral-
partiklerne, modtages sammen med en blanding med en fgrste pH-vaerdi, hvor
naevnte frigivelsesapparat er konfigureret til at fa de syntetiske kugler, som baerer
mineralpartiklerne, til at komme i kontakt med et medium med en anden pH-
vaerdi, som er forskellig fra den fgrste pH veerdi, herunder hvor den anden pH-
veerdi er i omradet fra O til 7.

11. Apparatet ifglge krav 7, hvor naevnte frigivelsesapparat er konfigureret til
mekanisk at fa de syntetiske kugler til at bevaege sig mod hinanden, herunder
hvor naevnte frigivelsesapparat er konfigureret til at omrgre (188) de syntetiske
kugler.

12. Apparatet ifglge krav 7, hvor de syntetiske kugler, som bzerer mineral-
partiklerne, modtages sammen med en blanding, hvor naevnte frigivelsesapparat
er konfigureret til at udfagre to eller flere afbrydelsesteknikker, herunder: 1) at
reducere blandingens pH-vaerdi, 2) at pafgre en ultralyd pa blandingen; 3) at gge
temperaturen af blandingen og 4) mekanisk at omrgre blandingen, herunder hvor
neevnte frigivelsesapparat er konfigureret til at udfgre de to eller flere



10

15

20

DK/EP 2714596 T3

4

afbrydelsesteknikker pa blandingen samtidigt eller sekventielt.

13. Apparatet ifglge krav 7, hvor de syntetiske kugler, som bzerer mineral-
partiklerne, modtages i en blanding med en pH-veerdi; og en styreenhed er
indrettet til at frigive et surt materiale for at reducere pH-vaerdien af blandingen,
herunder hvor de syntetiske kugler, som baerer mineralpartiklerne, modtages i en
blanding med en temperatur, og naevnte apparat yderligere omfatter et
varmeapparat (150) indrettet til at gge temperaturen af blandingen.

14. Apparatet ifglge krav 7, hvor de syntetiske kugler, som bzerer mineral-
partiklerne, modtages i en blanding med en fysisk tilstand; og en lydkilde (164) er
indrettet til at pafgre ultralydsbglger pa blandingen, herunder hvor blandingen har
en pH-veerdi, idet naevnte apparat yderligere omfatter: en styreenhed indrettet til
at frigive et surt materiale for at aendre pH-vaerdien af blandingen, herunder hvor
det sure materiale har en pH-vaerdi pa 0 til 6; eller hvor de syntetiske kugler, som
beerer mineralpartikler, modtages i en blanding med en temperatur, idet naavnte
apparat yderligere omfatter et varmeapparat (150) indrettet til at gge
temperaturen af blandingen.
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