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FLOTATION SEPARATION
USING LIGHTWEIGHT SYNTHETIC BEADS OR BUBBLES

Cross-Reference to Related Patent Applications

The present application claims the benefit of U.S. Provisional Patent
Application No. 61/489,893, filed 25 May 2011, and U.S. Provisional Patent
Application No. 61/533,544, filed 12 September 2011, which are both incorporated
by reference herein in their entirety.

This application is also related to the following eight PCT applications, which
are all concurrently filed on 25 May 2012, which all claim the benefit of the
aforementioned U.S. Provisional Patent Application No. 61/489,893, filed 25 May
2011, and the aforementioned U.S. Provisional Patent Application No. 61/533,544,
filed 12 September 2011, and which are all incorporated by reference in their entirety
so as to include the subject matter of each other, as follows:

PCT application no. (Atty docket no. 712-002.359-1),

entitled "Mineral separation using functionalized polymer membranes;"

PCT application no. (Atty docket no. 712-002.359-2),

entitled "Mineral separation using sized, weighted and magnetized beads;"

PCT application no. (Atty docket no. 712-002.382),

entitled "Synthetic bubbles/beads functionalized with molecules for attracting
or attaching to mineral particles of interest;"

PCT application no. (Atty docket no. 712-002.383),

entitled "Method and system for releasing mineral from synthetic bubbles and
beads;"

PCT application no. (Atty docket no. 712-002.384),

entitled "Synthetic bubbles and beads having hydrophobic surface;"
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PCT application no. (Atty docket no. 712-002.385),

entitled "Mineral separation using functionalized filters and membranes;"

PCT application no. (Atty docket no. 712-002.386),

entitled "Mineral recovery in tailings using functionalized polymers;" and

5 PCT application no. (Atty docket no. 712-002.387),

entitled "Techniques for transporting synthetic beads or bubbles In a flotation cell or
column.”

Background of the Invention

1. Technical Field
10 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
In many industrial processes, flotation is used to separate valuable or desired
15  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
20 other. The bubble rises to the surface carrying the desired material with it.

The performance of the flotation cell is dependent on the bubble surface area
flux in the collection zone of the cell. The bubble surface area flux is dependent on
the size of the bubbles and the air injection rate. Controlling the bubble surface area
flux has traditionally been very difficult. This is a multivariable control problem and

25  there are no dependable real time feedback mechanisms to use for control.
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The mineral recovery of such a process can be highly dependent on the
mineral particle size distribution entering the flotation cell. Typically, coarse and fine
particles recovery can be significantly less than the optimal particle size. Mining
operations routinely discharge large well liberated particles to the tailings pond.

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.

Summary of the Invention

The present invention provides flotation separation techniques using
lightweight synthetic beads or bubbles, or so-called "Engineered Bubbles."™

The present invention consists of replacing 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 or bubble 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.
By way of example, the material or medium could be a polymer or polymer-based
bubble or bead. These polymer or polymer-based bubbles or beads are very
inexpensive to manufacture and have a very low density. They behave very similar
to a bubble, but do not pop.

Since this lifting medium size is not dependent on the chemicals in the
flotation cell, the chemicals may be tailored to optimize hydrophobicity and froth

stability. 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
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customized to maximize recovery of different feed matrixes to flotation as ore quality
changes.

There may be a mixture of both air and lightweight beads or bubbles. The
lightweight beads or bubbles 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.

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

A bead recovery process is also be developed to enable the reuse of the
lightweight beads or bubbles in a closed loop process. This process may consist of
a washing station whereby the valuable mineral is mechanically, chemically, or

electro-statically removed from the lightweight beads or bubbles.

The Separation Process or Processor

According to some embodiments of the present invention, and by way of
example, the separation process may utilize exiting mining industry equipment,
including traditional column cells and thickeners. The lightweight synthetic beads or
bubbles, including polymer bubbles, 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 or bubbles rise they collide with the falling mineral particles. The
falling mineral particles stick to the lightweight synthetic beads or bubbles and float
or report to the surface. The wash water can be used to clean off the entrained
gangue. The recovered bubbles and mineral may be sent to another traditional

column or cell and injected into, e.g., the middle of the column. This traditional
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column or cell has an environment that will promote release of the mineral particles.
The mineral particles fall to the bottom and the synthetic bubbles or beads float or go
to the surface. The synthetic bubbles or beads may be reclaimed and then sent
back through the process taking place in the first traditional column or cell.

Thickeners may be used to reclaim the process water at both stages of the process.

Flotation Recovery of Course Ore Particles in Mining

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

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

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

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.

The present invention includes creating the “bubbles,” and engineering them
to carry the ore to the surface using, e.g., a polymer shell or structure, appropriately
chemically activated to attract the ore.

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.



10

15

20

25

WO 2012/166580 PCT/US2012/039528

Polymer Blocks having Incorporated Air

According to some embodiments, the present invention may take the form of
synthetic flotation bubbles, using a concept such as to incorporate air bubbles into
polymer blocks, which are designed to attract mineral rich ore onto their surface and
then float to the top of the flotation tank.

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.

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.

Once the blocks are in, e.g., a mixture such as a slurry pulp, the collector
chemicals may be released to initially attract mineral rich ore particles and then rise

to the surface.

Super Wetability Concept

According to some embodiments, the present invention may be implemented
using a super wetability concept, by using tailored collector molecules to improve
wetability of ore rich particles, e.g., to improve the take up of ore rich particles of
varying sizes in the froth, which is likely to work well for smaller particles. Polymer
material with functional groups may be used that bind well to the mineral rich
particles with low polar functionality. In addition, linear oligomer/low molecular
weight polymer may be used to wrap around ore rich particles making them more
hydrophobic and hence more likely to float when foamed. Some advantages of the

super wetability concept include increasing the surface area of the synthetic bead or
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bubble, as well as increasing the amount of surface area in contact with the ore rich
particle. The scope of the invention is also intended to include using a super
hydrophobic polymer that coats the surface, or using a specific coating that is

selected to attract a particular mineral of interest in the mixture.

Dosage Control

According to some embodiments, the present invention may be implemented
so that the synthetic beads or bubbles may be functionalized in order to control the
chemistry of a process being performed in a cell or column, including to release a
chemical to control the chemistry of a flotation separation process.. For example,
chemicals used in the flotation separation of mining ores can be encapsulated into
polymer or polymer-based beads or bubbles to provide a slow or targeted release of
the chemical once released into the water tank. The chemical would be contained
within a safe polymer during transportation and delivery of the chemical to the
flotation tank. The benefits of this approach include the following: more efficient use
of chemical treatment reduces chemical cost; associated transportation costs of
chemical may be lowered; and the reactive chemical is encapsulated, allowing safer
delivery of chemical by user.

According to some embodiments, the required chemical would be
encapsulated into a polymer block that could be tailored to suit the release rate and
potentially the location in the flotation tank where the release is required, including
using synthetic beads or bubbles configured to burst at a certain pressure, or using
synthetic beads or bubbles configured to burst when the mineral of interest is
contacted, or using synthetic beads or bubbles configured to release a chemical

when contacting air, e.g., in the froth.
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According to some embodiments, the present invention provides the potential
to encapsulate a wide variety of chemical and for chemical mixes including typical
frothers, collectors and other additives commonly used in a flotation separation
process.

The synthetic beads or bubbles according to some embodiments of the
present invention provide an easy way to deliver chemistry to a process being
performed in standard equipment already being used in the industry without drilling
new holes or adapting new pumps or valves, etc. to the standard equipment.

The synthetic beads or bubbles according to some embodiments of the
present invention may be used to implement and optimize downstream frother

injections in a bank of flotation cells or columns, e.g. using time released chemicals.

Example of Embodiments
Apparatus in the Form of a Cell or Column

According to some embodiments, 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 bubbles or
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 bubbles or beads having the valuable material attached
thereto.

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.



10

15

20

25

WO 2012/166580 PCT/US2012/039528

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 bubbles or 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.

According to some embodiments of the present invention, the synthetic
bubbles or beads may be functionalized to release a chemical to control the
chemistry of the flotation separation process.

According to some embodiments of the present invention, the synthetic
bubbles or 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.

According to some embodiments of the present invention, 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 bubbles or 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.

According to some embodiments of the present invention, the synthetic
bubbles or 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
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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 bubbles or 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.

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

The scope of the invention is also intended to include other types or kinds of
ways to construct and functionalize the synthetic bubbles or beads either now known
or later developed in the future in order to perform the aforementioned functionality
of being buoyant when submerged in the mixture and to attach to the valuable
material in the mixture.

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
The present invention may also take the form of a method, e.g., for
implementing in a flotation separation device having a flotation cell or column. The
method 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

~10 ~
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from the flotation cell or column enriched synthetic bubbles or beads having the
valuable material attached thereto.

According to some embodiments of the present invention, 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

According to some embodiments, the present invention 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 or polymer-based materials, including polymer or polymer bubbles
or beads, configured to attach to the valuable material in the mixture; 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 or polymer-based material may be
configured with a surface area flux by controlling some combination of the size of the
polymer or polymer-based material and/or the injection rate that the mixture is
received in the flotation cell or column; or the polymer or polymer-based material
may be configured with a low density so as to behave like air bubbles; or the polymer
or polymer-based 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.

~11 ~
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Apparatus in the Form of a Synthetic Bubbles or Beads

According to some embodiments, the present invention may take the form of
apparatus such as synthetic bubbles or beads configured with a polymer or polymer-
based material functionalized to attach to a valuable material in a mixture so as to
form an enriched synthetic bubbles or beads having the valuable material attracted
thereto, and also configured to separate from the mixture based at least partly on a
difference in a physical property between the enriched synthetic bubbles or beads
having the valuable material attracted thereto and the mixture.

The synthetic bubbles or beads may be configured so that the separation is
based at least partly on the difference between the density of the enriched synthetic
bubbles or beads having the valuable material attracted thereto and the density of
the mixture.

The synthetic bubbles or beads may also be configured so that the separation
is based on other differences in the physical property between the enriched synthetic
bubbles or beads having the valuable material attracted thereto and the mixture,
including between the size of the enriched synthetic bubbles or beads having the
valuable material attracted thereto and the size of unwanted material in the mixture;
or between the weight of the enriched synthetic bubbles or beads having the
valuable material attracted thereto and the weight of unwanted material in the
mixture; or between the magnetism of the enriched synthetic bubbles or beads
having the valuable material attracted thereto and the magnetism of unwanted
material in the mixture, consistent with that disclosed in patent application serial no.

(WFVA file no. 712-2-359-2), filed , Which is hereby

incorporated by reference its entirety.

~12 ~
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The Synthetic Beads or Bubbles Chemistry

According to some embodiments of the present invention, the synthetic bead
or bubble may take the form of a solid-phase body comprising a surface in
combination with a plurality of molecules attached to the surface, the molecules
comprising a functional group selected for attracting one or more mineral particles of
interest to the molecules.

According to some embodiments of the present invention, the solid-phase
body may be made of a synthetic material comprising the molecules. By way of
example, the synthetic material may be selected from a group consisting of
polyamides (nylon), polyesters, polyurethanes, phenol-formaldehyde, urea-
formaldehyde, melamine-formaldehyde, polyacetal, polyethylene, polyisobutylene,
polyacrylonitrile, poly(vinyl chioride), polystyrene, poly(methyl methacrylates),
poly(vinyl acetate), poly(vinylidene chloride), polyisoprene, polybutadiene,
polyacrylates, poly(carbonate), phenolic resin and polydimethylsiloxane.

According to some embodiments of the present invention, the solid-phase
body may include a shell providing the surface, the shell being made of a synthetic
material comprising the molecules.

According to some embodiments of the present invention, the shell may
comprise an interior part arranged to encapsulate a gaseous element such that the
synthetic bead has a density less than the aqueous mixture.

According to some embodiments of the present invention, the shell may
comprise an interior part arranged to encapsulate a liquid having a chemical property
different from the aguecus mixture, in order to control the chemistry of a process

being performed in relation to the aqueous mixture.

~13 ~
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According to some embodiments of the present invention, the shell may
comprise an interior part arranged to encapsulate a solid-phase material different
from the synthetic material, and the solid-phase material may be selected to control
the density of the synthetic bead relative to the density of the aqueous mixture.

According to some embodiments of the present invention, the shell may
comprise an interior part configured to encapsulate a magnetic material.

According to some embodiments of the present invention, the solid-phase
body may comprise a core and a coating over the core for providing the surface, and
the coating may be made of a synthetic material and the core is made of a core
material different from the synthetic material. By way of example, the core material
may be selected from a group consisting of glass, ceramic, metal and a polymer that
is different from the synthetic material. The term “polymer” in this specification is
understood to mean a large molecule made of many units of the same or similar
structure linked together.

According to some embodiments of the present invention, the functional group
may have an anionic bond for attracting the mineral particles to the surface.

According to some embodiments of the present invention, the functional group
may take the form of a collector having a non-ionizing bond or an ionizing bond.

According to some embodiments of the present invention, the ionizing bond
may be an anionic bond or a cationic bond. The anionic bond comprises an
oxyhydryl, including carboxylic, sulfates and sulfonates, and sulthydral bond.

According to some embodiments of the present invention, the synthetic beads
may be configured with a size depending on the particular application, or depending
on the particular size of the mineral particle of interest. According to some

embodiments of the present invention, the synthetic beads may be configured with a

~14 ~
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size less than 100 uym for attracting to the mineral particles, e.g., having a
substantially similar size, including in applications related to flotation cells.
Alternatively, according to some embodiments of the present invention, the synthetic
beads may be configured with a size in a range of about 1mm to 10mm for atiracting
to the mineral particles, including in applications related to a tailings pond.
Furthermore, according to some embodiments of the present invention, the synthetic
beads may also be configured with a size of about 100 ym for attracting to the
mineral particles, e.g., having a substantially similar size; or the synthetic beads may
be configured with a size in a range of about 100-200 pm for attracting to the mineral
particles, e.g., having a substantially similar size; or the synthetic beads may be
configured with a size about 200 pm for atiracting to the mineral particles, e.g.,

having a substantially similar size.

Hydrophobicity

According to some embodiments of the present invention, the surface of the
synthetic bubbles or beads may be functionalized {o be hydrophobic so as o provide
a bonding between the surface and a mineral particle associated with one or more
hydrophobic molecules.

Furthermore, the polymer can be naturally hydrophobic or functionalized to be
hydrophobic. Therefore, the terms “polymer bubbles or beads™ and “synthetic
bubbles or beads” may be used interchangeably herein. Some polymers having a
long hydrocarbon chain or silicon-oxygen backbone, for example, tend to be
hydrophobic. Hydrophobic polymers include polystyrene, poly(d,i-lactide),
poly({dimethylsiloxane), polypropylene, polyacrylic, polyethylene, eic. The mineral

particle of interest or the valuable material associated with one or more hydrophobic

~15~
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molecules is referred to as a wetted mineral particle. When the pulp slurry contains
a plurality of collectors or collector molecules, some of the mineral particles will
become wetted mineral particles if the collectors are attached to mineral particles.
Xanthates can be used in the pulp slurry as the collectors. The bubbles or beads can
be made of glass to be coated with hydrophobic silicone polymer including
polysiloxanates so that the bubbles or beads become hydrophobic. The bubbles or
beads can be made of metal to be coated with silicone alkyd copolymer, for
example, so as to render the bubbles or beads hydrophobic. The bubbles or beads
can be made of ceramic {o be coated with fluoroalkylsilane, for example, so as to
render the bubbles and hydrophobic. The bubbles or beads can be made of
hydrophobic polymers, such as polystyrene and polypropylene to provide the desired

hydrophaobicity.

Combined Collector/Hydrophobic Beads/Bubbles

According to some embodiments of the present invention, a part of the
surface of the synthetic bubbles or beads may be configured to have the molecules
attached thereto, wherein the molecules comprise collectors.

According to some embodiments of the present invention, a part of the
surface of the synthetic bubbles or beads may be configured to have the molecules
attached thereto, wherein the molecules comprise collectors, and another part of the
surface of the synthetic bubbles or beads may be configured to be hydrophobic.

According to some embodiments of the present invention, a part of the

surface of the synthetic bubbles or beads may be configured to be hydrophobic.

~16 ~
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Brief Description of the Drawing

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 2a is a diagram of a lightweight bead having a polymer shell or sponge
with a chemically activated light surface according to some embodiments of the
present invention.

Figure 2b is a diagram of a polymer material having tailored collector
molecules according to some embodiments of the present invention.

Figure 2c is a diagram of a lightweight bead in the form of a hollow cylinder
according to some embodiments of the present invention.

Figure 2d is a diagram of a lightweight bead in the form of a hollow sphere
according to some embodiments of the present invention.

Figure 3 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
invention.

Figure 4a shows a generalized synthetic bead which can be a size-based
bead or bubble, weight-based polymer bead and bubble, and magnetic-based bead

and bubble, according to some embodiments of the present invention.
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Figure 4b illusirates 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 5a shows a generalized synthetic bubble or bead having some
particles attached to the surface, according to some embodiments of the present
invention.

Figure 5b illusirates an enlarged portion of the synthetic bead showing a
welted mineral particle attached to the hydrophobic surface of the synthetic bead,
according to some embodiments of the present invention.

Figure 5c¢ illustrates an enlarged portion of the synthetic bead showing a
hydrophobic particle attached to the hydrophobic surface of the synthetic bead.

Figures 6a and 6b illustrate some embodiments of the present invention
wherein the synthetic bead or bubble have one portion functionalized to have

collector molecules and another portion functionalized to be hydrophobic.

Detailed Description of the Invention

Figure 1
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 bubbles or beads 100 (Fig. 2a), 112 (Fig. 2b), 115 (Fig. 2c), 117
(Fig. 2d) 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 bubble or beads 18 having the
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valuable material attached thereon. By way of example, the synthetic bubbles or
beads 100 (Fig. 2a), 112 (Fig. 2b), 115 (Fig. 2c), 117 (Fig. 2d) may be made from
polymer or polymer-based materials, or silica or silica-based materials, or glass or
glass-based materials, although the scope of the invention is intended to include
other types or kinds of material either now known or later developed in the future.
For the purpose of describing one example of the present invention, in Figure 1 the
synthetic bubbles or beads 100 (Fig. 2a), 112 (Fig. 2b), 115 (Fig. 2c), 117 (Fig. 2d)
are shown as polymer or polymer-based bubbles labeled 100, 112, 115, 117, and
the enriched synthetic bubble or beads 18 are shown as enriched polymer or
polymer-based bubbles labeled 18. The flotation cell or column 12 is configured with
a top portion or piping 20 to provide the enriched polymer or polymer-based bubbles
18 from the flotation cell or column 12 for further processing consistent with that set
forth herein.

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 polymer or polymer-based bubbles 100, 112,
115, 117. In operation, the buoyancy of the polymer or polymer-based bubbles 100,
112, 115, 117 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 polymer or polymer-based
bubbles 100, 112, 115, 117 causes them to attach to the valuable material in the
pulp slurry or mixture 14. As a result of the collision between the polymer or
polymer-based bubbles 100, 112, 115, 117 and the water, valuable material and

unwanted material in the pulp slurry or mixture 14, and the attachment of the
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polymer or polymer-based bubbles 100, 112, 115, 117 and the valuable material in
the pulp slurry or mixture 14, the enriched polymer or polymer-based bubbles 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 or polymer-based bubbles 18 having the valuable material attached thereto,
which may be further processed consistent with that set forth herein. In effect, the
enriched polymer or polymer-based bubbles 18 may be taken off the top of the
flotation cell 12 or may be drained off by the top part or piping 20.

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.

According to some embodiments of the present invention, the polymer or
polymer-based bubbles 100, 112, 115, 117 may be configured with a surface area
flux by controlling some combination of the size of the polymer or polymer-based
bubbles 100, 112, 115, 117 and/or the injection rate that the pulp slurry or mixture 14
is received in the flotation cell or column 12. The polymer or polymer-based bubbles
100, 112, 115, 117 may also be configured with a low density so as to behave like air

bubbles. The polymer or polymer-based bubbles 100, 112, 115, 117 may also be
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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.

According to some embodiments of the present invention, the flotation cell or
column 12 may be configured to receive the polymer or polymer-based bubbles 100,
112, 115, 117 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 polymer or polymer-based bubbles 100, 112, 115, 117 may
be configured to lift the valuable material to the surface of the mixture in the flotation

cell or column.

The Thickener 28

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
According to some embodiments of the present invention, the apparatus 10
may further comprises a bead recovery process or processor generally indicated as

50 configured to receive the enriched polymer or polymer-based bubbles 18 and
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provide reclaimed polymer or polymer-based bubbles 52 without the valuable
material attached thereon so as to enable the reuse of the polymer or polymer-based
bubbles 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 or
polymer-based bubbles 18.

The bead recovery process or processor 50 may include a second flotation
cell or column 54 having piping 56 with a valve 56a configured to receive the
enriched polymer bubbles or beads 18; and substantially release the valuable
material from the polymer bubbles or beads 18, and also having a top part or piping
57 configured to provide the reclaimed polymer bubbles or 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.

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.
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Embodiments are also envisioned in which the enriched synthetic beads or
bubbles 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 or bubbles are reused afterwards.

Figures 2a-2d: The Synthetic Bubbles or Beads

Figure 2a shows the synthetic bubbles or beads 100 (Fig. 2a), 112 (Fig. 2b),
115 (Fig. 2c¢), 117 (Fig. 2d) in the form of a lightweight polymer or polymer-based
bubble or bead generally indicated as 100 having a polymer shell or sponge 102 with
a chemically activated light surface 102a according to some embodiments of the
present invention. The polymer shell or sponge 102 attracts particles 104 (i.e.
valuable material) using selective (e.g., for copper) collective chemical linkers.

The lightweight polymer or polymer-based bead or bubble 100 are designed
to incorporate air bubbles and to attract mineral rich ore (to be recovered) onto their
surface 102a and then float to the top of the flotation tank, e.g. 12 (Figure 1). The
benefits of this approach include the fact that polymer blocks, such as the lightweight
polymer or polymer-based bead or bubble 100, enables a much larger range of ore
grains to be lifted to the surface hence improving recover efficiency. Optimally sized
polymer blocks, such as the lightweight polymer or polymer-based bead or bubble
100, with a high percentage of air may be produced with the appropriate collector
chemicals also encapsulated into the polymer. Once the polymer blocks are in, e.g.,
a mixture such as a slurry pulp, the collector chemicals may be released to initially
attract mineral rich ore particles and then rise to the surface.

Figure 2b shows the synthetic bubble or bead that forms part of a combination

generally indicated as 110 that includes a polymer or polymer-based material 112
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wrapping around an ore rich particle 114, aka valuable material to be recovered.
The polymer or polymer-based material 112 may have, or take the form of, tailored
collector molecules. The polymer or polymer-based material 112 provides a super
wetability concept, using the tailored collector molecules to improve wetability of the
ore rich particles 114, e.g., to improve the take up of ore rich particles 114 of varying
sizes in the froth, which is likely to work well for smaller particles. The polymer or
polymer-based material 112 with functional groups may be used that bind well to the
mineral rich particles 114 with a low polar functionality. In addition, the polymer or
polymer-based material 112 may take the form of a linear oligomer/low molecular
weight polymer that may be used to wrap around ore rich particles 114 making them
more hydrophobic and hence more likely to float when foamed, as shown in Figure
2b.

Figures 2c and 2d show the synthetic bubbles or beads as hollow objects,
bodies, elements or structures, each generally indicated as 115 (Figure 2a) or 117
(Figure 2d). The synthetic bubbles or beads may include a multiplicity of the hollow
objects, bodies, elements or structures 115 (Figure 2a) or 117 (Figure 2d) configured
with a respective cavity, unfilled space, or hole indicated as 115a (Figure 2c¢) or 117a
(Figure 2d) to trap and maintain one or more bubbles 116 inside. See
PCT/US2011/32697, filed 15 April 2011, which is hereby incorporated by reference
in its entirety.

The multiplicity of hollow objects, bodies, elements or structures may include
hollow cylinders like element 115 (Figure 2c¢) or spheres like 117 (Figure 2d), as well
as capillary tubes, or some combination thereof. The scope of the invention 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
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object, body, element or structure 115 (Figure 2c) or 117 (Figure 2d) 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 115 (Figure 2a) or 117 (Figure 2b) 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.

By way of example, the multiplicity of hollow objects, bodies, elements or
structures like 115 (Figure 2c¢) or 117 (Figure 2d) that are received in the mixture
may include a number in a range of multiple thousands of bubbles or beads per
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 three
thousand cubic feet may include multiple millions of bubbles or beads, e.g., having a
size of about 1 millimeter, in three thousand cubic feet of the mixture.

The multiplicity of hollow objects, bodies, elements or structures like 115
(Figure 2c) or like 117 (Figure 2d) 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.

The one or more bubbles 116 may take the form of a small quantity of gas,
including air, that is trapped or maintained in the cavities, unfilled spaces, or holes

115a or 117a of the multiplicity of hollow objects, bodies, elements or structures.
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The scope of the invention is intended to include the synthetic bubbles shown
herein being made from a polymer or polymer-based material, or a silica or silica-
based, or a glass or glass-based material. In this case, the one or more hollow
cylinders like 115 may also include hollow glass cylinders manufactured using a

drawing and dicing process.

Dosage control

According to some embodiments of the present invention, the synthetic beads
or bubbles 100, 112, 115, 117 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.

In particular, the flotation cell or column 12 in Figure 1 may be configured to
receive polymer-based blocks like elements 100, 112, 115, 117 of materials
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.

The scope of the invention is intended to include other types or kinds of
functionalization of the synthetic beads or bubbles in order to provide other types or

kinds of control of the chemistry of the process being performed in the cell or
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column, including either functionalizations and controls both now known and later
developed in the future. For example, the synthetic beads or bubbles may be
functionalized to control the pH of the mixture that forms part of the flotation

separation process being performed in the flotation cell or column.

Figure 3: The Collision Technique

Figure 3 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 bubbles or beads, according to some
embodiments of the present invention. The mixture 202, e.g. the pulp slurry, may be
received in a top part or piping 204, and the synthetic bubbles or 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 3, the
arrows 210a represent the mixture being sprayed, and the arrows 212a represent
the synthetic bubbles or beads 206 being sprayed towards one another in the
flotation cell 201.

In operation, the collision technique causes vortices and collisions using
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 or polymer-based materials

206 and the valuable material in the mixture 202. Pumps, not shown, may be used
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to provide the mixture 202 and the synthetic bubbles or beads 206 are the
appropriate pressure in order to implement the collision technique.

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 the mixture and the synthetic bubbles or 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 bubbles or 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 or polymer-based materials 206 and the valuable material
in the mixture 202.

As a result of the collision between the synthetic bubbles or beads 206 and
the mixture, enriched synthetic bubbles or 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 bubbles or beads 216, e.g., enriched polymer bubbles as shown,
having the valuable material attached thereto, which may be further processed

consistent with that set forth herein.
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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 4a, 4b: The Synthetic Bead Chemistry

For aiding a person of ordinary skill in the art in understanding various
embodiments of the present invention, Figure 4a shows a generalized synthetic bead
and Figure 4b shows an enlarged portion of the surface. As shown in Figures 4a
and 4b, the synthetic bead 70 has a bead body to provide a bead surface 74. At
least the outside part of the bead body may be made of a synthetic material, such as
polymer, so as to provide a plurality of molecules or molecular segmenis 76 on the
surface 74. The molecule 76 is used to attach a chemical functional group 738 to the
surface 74. In general, the molecule 76 can be a hydrocarbon chain, for example,
and the functional group 78 can have an anionic bond for attracting a mineral, such
as copper to the surface 74. A xanthate, for example, 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. The functional group 78 is also known as a coliector
that can have a non-ionizing or ionizing bond. The ionizing bond can be anionic or
cationic. An anionic bond includes oxyhydryl, such as carboxylic, sulfates and
sulfonates, and sulfhydral, such as xanthates and dithiophosphates. Other
molecules or compounds that can be used {0 provide the function group 78 include
thionocarboamates, thioureas, xanthogens, monothiophosphates, hydroguinones

and polyamines.
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Similarly, a chelating agent can be incorporated into the polymer as a
collector site for attracting a mineral, such as copper. As shown in Figure 4b, a
mineral particle 72 is attached to the functional group 78 on the 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. When the mineral particles 72 are very fine, smaller synthetic beads 70
can also be used.

In some embodiments of the present invention, a synthetic bead may take the
form of a solid-phase body made of a synthetic material, such as polymer. (By way
of example, the term "solid-phase body" is understood herein to be a body having a
cohesive force of matter that is strong enough to keep the molecules or atoms in the
given positions, restraining the thermal mobility.) The polymer can be rigid or
elastomeric. An elastomeric polymer can be a bisoxazolone-based polymer, for
example. The body has a surface comprising a plurality of molecules with one or
more functional groups for attracting mineral particles of interest to the surface. A
polymer having a functional group to attract or collect mineral particles is referred to
as a functionalized polymer. By way of example, the entire body of the synthstic
bead may be made of the same functionalized material, or the bead body may be a
shell, which can be formed by way of expansion, such as thermal expansion or
pressure reduction.

The shell may be formed as a micro-bubble or a balloon. The shell, which
may be made of functionalized material, may have an interior part. The interior part
may be filled with air or gas to aid buoyancy, for example. The interior part can be
used to contain a liquid to be released during the mineral separation process, in

order to control the chemistry of the process being performed, e.g., in the flotation
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cell or column. 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 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.
In such embodiments, an electromagnetic field may be generated to capture or stir
the synthetic beads. 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 of interest and
one ionic bond for attaching the wetted mineral particle to the synthetic bead. The
shell can be used to encapsulate a solid core, such as Styrofecam to aid buoyancy,
for example. In yet another embodiment, only the coating of the bead body may be
made of functionalized polymer. The synthetic bead can have a core made of
ceramiic, glass or metal and only the surface of core can have a coating made of
functionalized polymer. The core can be a hollow core or a filled core depending on
the applications. The core can be a micro-bubble, a sphere or balloon. For exampile,
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, so as to settle in the flotation cell or
column and be capture. The core 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. According to
some embodiments, the synthetic bead can be configured with a ferro-magnetic or
ferri-magnetic core that attract to paramagnetic surfaces. A core made of glass or

ceramic can be used to make the density of the synthetic bead substantiaily equal to
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the density of the pulp slurry so that when the synthetic beads are mixed inio the
pulp slurry for mineral collection, the beads can be in a so-called suspension state.

it should be understood that the use of the term “bead” is not intended to limit
the shape of the synthetic bead of the present invention to being spherical, as shown
in Figure 4a, 4b. In various embodiments of the present invention, the synthetic
bead can have an elliptical shape, a cylindrical shape, a shape of a block, an
irregular shape. In effect, the scope of the invention is not intended to be limited to
any particular type or kind of shape of the synthetic bead.

it should aiso be understood that the surface of a synthetic bead, according to
the present invention, is not limited to an overall smoothness of its surface as shown
in Figure 4a. In some embodiments of the present invention, the surface can be
irregular and rough. For example, the surface can have some physical structures
like grooves or rods, or holes or dents. The surface can have some physical
structures formed from stacked beads. The surface can have some hair-like
physical structures. In addition to the functional groups on the synthetic beads that
attract mineral particles of interest to the bead surface, the physical structures can
help trapping the mineral particles on the bead surface. The surface can be
configured to be a honeycomb surface or a sponge-like surface for trapping the
mineral particles and/or increasing the contacting surface. In effect, the scope of the
invention is not intended to be limited o any particular type or kind of surface of the
synthetic bead.

it should 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 of interest to the surface of the

synthetic beads. For example, the surface of the polymer beads or shells can be
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functionalized with a hydrophobic chemical molecule or compound, as discussed
below. 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 can be used to functionalize the glass
beads in order to make the synthetic beads. 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 {0 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.
According to some embodiment, it may also be possible to release the mineral
particles carried with the enriched synthetic beads by sonic agitation, such as

ultrasonic waves, or simply by washing it with water.

Figures 5a to 5c¢: Hydrophobicity

For aiding a person of ordinary skill in the art in understanding various
embodiments of the present invention, Figure 5a shows a generalized synthetic
bubble or bead having some particles attached to the surface. Figure 5b illustrates
an enlarged portion of the synthetic bead showing a wetted mineral particle attached
to the hydrophobic surface of the synthetic bead. Figure 5¢ illustrates an enlarged
portion of the synthetic bead showing a hydrophobic particle attached to the
hydrophobic surface of the synthetic bead.

The hydrophobic particle can be mineral related or non-mineral related. The
synthetic bead can be a size-based bead or bubble, weight-based polymer bead and

bubble, or magnetic-based bead and bubble, consistent with that set forth herein.
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The size of the synthetic bead can be smaller than the minimum size of the mineral
particles of interest which is about 150um, and can be larger than the maximum size
of the mineral particles of interest. In certain applications, the size of the synthetic
bead can be 1cm or larger.

As shown in Figure 5a, the synthetic bubble or bead 170 may have a bead
body to provide a bead surface 174. At least the outside part of the bead body is
made of a synthetic material, such as a hydrophobic polymer, or a coating of a
hydrophobic chemical. As such, hydrophobic particles 172, 172’ are attracted to the
surface 174 to form an enriched synthetic bubble or bead 175. As shown in Figures
5a and 5b, the surface 174 of the synthetic bubble or bead comprises a plurality of
molecules 179 which renders the surface 174 hydrophobic. For example, the
surface 174 may be a glass surface coated with polysiloxanates which have
functional groups that bind o the hydroxyl group of the glass surface.
Polysiloxanates, such as hydroxyl-terminated polydimethysiloxanes, have a silicon-
oxygen chain to provide the hydrophobic molecules 179. The hydrophobic particle
172’, as shown in Figure 5b, can be a mineral particle 171" having one or more
collectors 173 attached thereto. One end (178) of the collector 173 has an ionic
bond attached to the mineral particle of interest 171", The other end of the collector
173 has a hydrophobic chain 176 which tends to move into the hydrophobic
molecules 179. Thus, the hydrophobic particle 172’ can be a wetted mineral particle.
A collector, such as xanthate, has both the functional group 178 and the molecule
176. A xanthate, for example, has both the functional group 178 and the molecular
segment 176 to be incorporated into the polymer that is used to make the synthetic
bead 170. A functional group 178 is also known as a collector that can have a non-

ionizing or ionizing bond. The ionizing bond can be anionic or cationic. An anionic
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bond 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 178 include thionocarboamates, thioureas,
xanthogens, monothiophosphates, hydroguinones and polyamines.

The hydrophobic particle 172, as shown in Figure 5c¢, can be a particle that
has a hydrophobic chain 176. Such particle can be non-mineral related, but it can be
arranged to contact with the hydrophobic synthetic bubbles or beads 170 of the
present inventions. Thus the hydrophobic bubbles or beads 170, according to
various embodiments of the present invention, can be used in non-mining

applications, such as water-poliution control and water purification.

pH

In many releasing environments, the pH value is lower than the pH value for
mineral attachment. 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 or bubbles. 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.
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Bead Size (range)

The synthetic beads, according to some embodiments of the present
invention, can be made with different sizes in order to attract mineral particles of
different sizes. For example, unlike air bubbles, the synthetic beads of a larger size
can be used to attract mineral particles larger than, say, 200pm. Thus, the grinding
of the blasted ore can be separated into different stages. In the first stage, the rock
is crushed into particles in the order of 200 um. After the separation process using
the larger synthetic beads in the slurry containing these crude particles, the
remaining slurry can be subjected to a finer grinding stage where the crushed rock is
further crushed into particles in the order of 100um. With the slurry containing the
finer mineral particles, synthetic beads with a smaller size may be more effective in
interacting with the finer mineral particles. In a flotation cell application, the bead
size can be smaller than 100um. In a tailings pond application, the bead size can be
1mm to 10mm or larger. However, large beads would reduce the functionalized
surfaces where the mineral particles can attach to the synthetic beads. Thus,
according to some embodiments of the present invention, the synthetic beads are
configured with a size less than 100 um for attracting to mineral particles having a
substantially similar size, including in applications related to flotation cells; the
synthetic beads are configured with a size of about 100 um for attracting or attaching
to mineral particles having a substantially similar size, smaller size or larger size; the
synthetic beads are configured with a size in a range of about 50-500 pm for
attracting or attaching to mineral particles having a substantially similar size, smaller
size or larger size; the synthetic beads are configured with a size about 200 ym for
attracting to mineral particles having a substantially similar size; the synthetic beads

are configured with a size in a range of about 1mm to 10mm, including in
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applications related to a tailings pond. In general, the synthetic beads are configured
with a size in a range of about 50 um to 10mm. But the beads can be smaller than

50 um and larger than 10mm.

Relative size
According to some embodiments of the present invention, the synthetic beads
are configured to be larger than the mineral particles. As such, a plurality of mineral
particles may attach to one synthetic bead. According to other embodiments of the
present invention, the synthetic beads are configured to be smaller than the mineral
particles. As such, a plurality of synthetic beads may attach to one mineral particle.
The size of the synthetic beads can also be about the same as the size of the

mineral particle.

Oilsands separation
It should be understood that the synthetic beads according to the present
invention, whether functionalized to have a collector or functionalized to be
hydrophobic, are also 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 invention, are also configured for oilsands separation.

Portion of surface functionalized
According to some embodiments of the present invention, only a portion of the
surface of the synthetic bead is functionalized to be hydrophobic. This has the

benefits as follows:
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1. Keeps too many beads from clumping together — or limits the clumping of
beads,

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;

a. Better cleaning as it may let the gangue to pass through
b. Protects the attached mineral particle or particles from being
knocked off, and

c. Provides clearer rise to the top collection zone in the flotation cell.

According to some embodiments of the present invention, only a portion of the
surface of the synthetic bead is functionalized with collectors. This also has the
benefits of

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;

a. Better cleaning as it may let the gangue to pass through
b. Protects the attached mineral particle or particles from being
knocked off, and

c. Provides clearer rise to the top collection zone in the flotation cell.

Both collector and hydrophobic on same bead:
According to some embodiments 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 6a and 6b. As shown

~ 38 ~



10

15

20

25

WO 2012/166580 PCT/US2012/039528

in Figure 6a, 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 (or 79). In the embodiment as shown in Figure 6b, 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 (or 79)
render it hydrophobic.

This "hybrid" synthetic bead can collect mineral particles that are wet and not

wet.

Advantages of same bead
having both collector molecules and hydrophobic molecules.

According to some embodiments 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 and this “hybrid” synthetic bead is
configured for use in a traditional flotation cell as well. The “hybrid” synthetic bead
(see Figures 6a and 6b) has a hydrophobic portion and a separate collector portion.
When the “hybrid” beads are mixed with air in the flotation cell, some of them will
attach to the air bubbles because of the hydrophobic portion. As the “hybrid”
synthetic bead is attached to an air bubble, the collector portion of the attached bead
can collect mineral particles with the functional groups. Thus, the synthetic beads,
according to some embodiments of the present inventions, can be used to replace

the air bubbles, or to work together with the air bubbles in a flotation process.
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A Collector
According to some embodiments of the present invention, 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 some embodiments of the
present invention, the synthetic bead can be functionalized to be hydrophobic in

order to collect one or more wetted mineral particles.

Retrofitting to Pre-existing Flotation Cells

The scope of the invention is intended to include stand alone applications, as
well as retrofitting the technology disclosed herein to pre-existing flotation cells that
are operating based on the prior art technology. In the retrofitting application, a
flotation cell according to the present invention may be configured, e.g., on the back
end of a pre-existing flotation cell.

Moreover, embodiments are also envisioned in which the synthetic bubbles
according to the present invention may be used alone or in combination with the air

bubbles using in the prior art.

Applications
The scope of the invention is described in relation to mineral separation,
including the separation of copper from ore. However, the scope of the invention is
intended to include other types or kinds of applications either now known or later
developed in the future, e.g., including a flotation circuit, leaching, smelting, a gravity

circuit, a magnetic circuit, or water purification, as well as including applications
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related to oilsands separation that includes separating bitumen from sand and water

in the recovery of bitumen in an oilsands mining operation.

The Scope of the Invention

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). Although
the invention has been described and illustrated with respect to exemplary
embodiments thereof, the foregoing and various other additions and omissions may
be made therein and thereto without departing from the spirit and scope of the

present invention.
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What is Claimed is:
1. Apparatus comprising:
a cell or column configured to
receive a mixture of fluid and valuable material and unwanted material;
receive synthetic bubbles or 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 bubbles or beads having the valuable

material attached thereto.

2. Apparatus according to claim 1, wherein the synthetic bubbles or beads are
made from either a polymer or polymer-based material, or a silica or silica-based

material or a glass or glass-based material.

3. Apparatus according to claim 1, wherein the cell or column comprises a
flotation cell or column, and the synthetic bubbles or beads are 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.

4. Apparatus according to claim 1, wherein the synthetic bubbles or beads are

functionalized to release a chemical to control the chemistry of a flotation separation

process.
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5. Apparatus according to claim 1, wherein the synthetic bubbles or beads are
configured with firm outer shells functionalized with a chemical to attach to the

valuable material in the mixture.

6. Apparatus according to claim 1, wherein the synthetic bubbles or beads
include a chemical that may be released to attach to the valuable material in the

mixture.

7. Apparatus according to claim 1, wherein the synthetic bubbles or beads are
constructed with firm outer shells configured to contain a gas, including air, so as to

be buoyant when submerged in the mixture.

8. Apparatus according to claim 1, wherein the synthetic bubbles or beads are
made from a low-density material so as to be buoyant when submerged in the

mixture.

9. Apparatus according to claim 8, wherein the synthetic bubbles or beads are

configured as a solid without an internal cavity.

10. Apparatus according to claim 1, wherein the synthetic bubbles or beads
comprise a multiplicity of hollow objects, bodies, elements or structures, each
configured with a respective cavity, unfilled space, or hole to trap and maintain a gas

bubble inside, including air.
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11. Apparatus according to claim 10, wherein the hollow objects, bodies,
elements or structures comprise hollow cylinders, or spheres, or globules, or

capillary tubes, or some combination thereof.

12. Apparatus according to claim 10, wherein each hollow object, body,
element or structure is 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.

13. Apparatus according to claim 2, wherein the synthetic bubbles are hollow

glass cylinders manufactured using a drawing and dicing process.

14. Apparatus according to claim 10, wherein the multiplicity of hollow objects,
bodies, elements or structures is configured with chemicals applied to prevent

migration of liquid into respective cavities.

15. Apparatus according to claim 14, wherein the chemicals are hydrophobic

chemicals.

16. Apparatus according to claim 2, wherein the polymer or polymer-based
material is configured with a surface area flux by controlling some combination of the
size of the polymer-based material and/or the injection rate that the mixture is

received in the flotation cell or column.

17. Apparatus according to claim 2, wherein the polymer or polymer-based

material is configured with a low density so as to behave like air bubbles.
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18. Apparatus according to claim 2, wherein the polymer or polymer-based
material is 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.

19. Apparatus according to claim 2, wherein the flotation cell or column is
configured to receive the polymer or polymer-based materials together with air,
where the air is used to create a desired froth layer in the mixture in the flotation cell

or column in order to achieve a desired grade of valuable material.

20. Apparatus according to claim 2, wherein the polymer or polymer-based
materials are configured to lift the valuable material to the surface of the mixture in

the flotation cell or column.

21. Apparatus according to claim 2, wherein the flotation cell or column is
configured with a top part, portion or piping to provide the enriched synthetic bubbles
or beads, including where the enriched synthetic bubbles or beads are in the form of

enriched polymer or polymer-based bubbles.

22. Apparatus according to claim 2, wherein the flotation cell or column is
configured with a top part to receive the mixture of fluid, valuable material and
unwanted material and with a bottom part to receive polymer or polymer-based

bubbles.
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23. Apparatus according to claim 1, wherein the apparatus further comprises
a bead recovery process or processor configured to receive the enriched synthetic
bubbles or beads and provide reclaimed synthetic bubbles or beads, including where
the enriched synthetic bubbles or beads are in the form of enriched polymer or
polymer-based bubbles, and where the reclaimed enriched synthetic bubbles or

beads are in the form of reclaimed polymer or polymer-based bubbles.

24. Apparatus according to claim 23, wherein the bead recovery process or
processor comprises a washing station whereby the valuable mineral is
mechanically, chemically, or electro-statically removed from the enriched synthetic

bubbles.

25. Apparatus according to claim 1, wherein the mixture is a pulp slurry

containing water and the valuable material in the form of a mineral of interest.

26. Apparatus according to claim 1, wherein the apparatus further comprises
a thickener configured to receive tailings from the flotation cell or column and provide

thickened tailings and reclaimed water.

27. Apparatus according to claim 26, wherein the thickener is configured to

provide the reclaimed water back to the flotation cell or column.

28. Apparatus according to claim 1, wherein the flotation cell or column is

configured to contain an attachment rich environment, including where the

attachment rich environment has a high pH.
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29. Apparatus according to claim 1, wherein the apparatus further comprises
a second flotation cell or column configured to

receive the enriched synthetic bubbles, including enriched polymer or
polymer-based bubbles or beads; and

substantially release the valuable material from the enriched synthetic

bubbles, including the enriched polymer or polymer-based bubbles or beads.

30. Apparatus according to claim 29, wherein the second flotation cell or
column is configured to provide reclaimed synthetic bubbles substantially without the

valuable material attached thereon

31. Apparatus according to claim 29, wherein the apparatus further comprises
a second thickener configured to receive concentrated minerals from the second

flotation cell or column and provide thickened concentrate and reclaimed water.

32. Apparatus according to claim 31, wherein the second thickener is

configured to provide the reclaimed water back to the second flotation cell or column.

33. Apparatus according to claim 29, wherein the second flotation cell or
column is 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.
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34. Apparatus according to claim 2, wherein polymer or polymer-based
bubbles are each configured with a shell, sponge or “semi-porous” structure that is

chemically activated to attract the valuable material, including ore.

35. Apparatus according to claim 34, wherein the polymer or polymer-based
bubbles are configured so that the shell or “semi-porous” structure at or near the
surface dissolves so as to be time activated and releases an agent that promotes

frothing in the mixture.

36. Apparatus according to claim 2, wherein polymer or polymer-based
bubbles are configured to incorporate air bubbles to attract the valuable material,
including mineral rich ore, onto their surface and then float to the top of the flotation

cell or column.

37. Apparatus according to claim 2, wherein polymer or polymer-based
bubbles having a predetermined size and a substantially high percentage of air are
configured with collector chemicals encapsulated in the polymer or polymer-based

materials.

38. Apparatus according to claim 37, wherein the collector chemicals are

released to attract the valuable material, including mineral rich ore.

39. Apparatus according to claim 2, wherein polymer or polymer-based

bubbles are each configured with selective collector chemical linkers for attracting

the valuable materials.
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40. Apparatus according to claim 2, wherein the polymer or polymer-based
material includes one or more functional groups that binds well to the valuable

material, including mineral rich particles, with low polar functionality.

5 41. Apparatus according to claim 2, wherein the polymer or polymer-based
materials are configured with a linear oligomer/low molecular weight polymer to wrap
around the valuable material, including ore rich particles, making them more

hydrophobic and more likely to float when foamed.

10 42. Apparatus according to claim 2, wherein the flotation cell or column is
configured to receive polymer-based blocks of materials 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.

15
43. Apparatus according to claim 42, wherein the one or more chemical
comprise chemical mixes including typical frothers, collectors and other additives
used in flotation separation.
20 44. Apparatus according to claim 2, wherein the apparatus further comprises:

a first device for receiving the mixture; and

a second device for receiving polymer or polymer-based bubbles;

the first device and the second device configured to face towards one another
so as to provide the mixture and the polymer or polymer-based bubbles using a

25  collision technique.
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45. Apparatus according to claim 44, wherein the collision technique causes
vortices and collisions using enough energy to increase the probability of touching of
the polymer or polymer-based bubbles and the valuable material, but not too much
energy to destroy bonds that form between the polymer or polymer-based bubbles

and the valuable material.

46 A method for implementing in a cell or column, the method comprising:

receiving in the cell or column a mixture of fluid and valuable material,

receiving in the cell or column synthetic bubbles or 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

providing from the cell or column enriched synthetic bubbles or beads having

the valuable material attached thereto.

47. A method according to claim 46, wherein the synthetic bubbles or beads
are made from a material selected from a group of materials that comprise: a
polymer or polymer-based material, a silica or silica-based material, or a glass or

glass-based material.

48 A method according to claim 46, wherein the cell or column is a flotation
cell or column, and the synthetic bubbles or beads are 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.
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49. A method according to claim 46, wherein the synthetic bubbles or beads
are functionalized to release a chemical to control the chemistry of a flotation
separation process, including a chemical that may be released to attach to the

valuable material in the mixture.

50. A method according to claim 46, wherein the synthetic bubbles or beads
are configured with firm outer shells functionalized with a chemical to attach to the

valuable material in the mixture.

51. A method according to claim 46, wherein the synthetic bubbles or beads
are constructed with firm outer shells configured to contain a gas, including air, to

increase the buoyancy thereof when submerged in the mixture;

52. A method according to claim 46, wherein the synthetic bubbles or beads
comprise 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.
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53. Apparatus comprising:
a flotation cell or column configured to
receive a mixture of water, valuable material and unwanted material;
receive polymer or polymer-based materials, including polymer or
polymer-based bubbles or beads, configured to attach to the valuable material
in the mixture; and
provide enriched polymer or polymer-based materials, including
enriched polymer or polymer-based bubbles or beads, having the valuable

material attached thereon.

54. Apparatus according to claim 53, wherein the polymer or polymer-based
material is configured with a surface area flux by controlling some combination of the
size of the polymer or polymer-based material and/or the injection rate that the

mixture is received in the flotation cell or column.

55. Apparatus according to claim 53, wherein the polymer or polymer-based

material is configured with a low density so as to behave like air bubbles.

56. Apparatus according to claim 53, wherein the polymer or polymer-based
material is 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.
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57. Apparatus according to claim 53, wherein the polymer or polymer-based
materials comprises a surface having molecules comprising a functional group

selected for attracting or attaching to the valuable material in the mixture.

58. Apparatus according to claim 53, wherein the polymer or polymer-based

materials comprises a hydrophobic polymer, or a coating of a hydrophobic chemical.

58. Apparatus according to claim 1, wherein the synthetic bubbles or beads
are made from a synthetic material selected from a group consisting of polyamides
(nylon), polyesters, polyurethanes, phenol-formaldehyde, urea-formaldehyde,
melamine-formaldehyde, polyacetal, polyethylene, polyiscbutylene, polyacrylonitrile,
poly(vinyl chloride), polystyrene, poly(methyl methacrylates), poly(vinyl acelate),
poly(vinylidene chloride), polyisoprene, polybutadiene, polyacrylates,

poly(carbonate), phenolic resin and polydimethylsiloxane.

60. Apparatus according to claim 1, a part of the surface of the synthetic
bubbles or beads is configured to have the molecules attached thereto, wherein the

molecules comprise collectors.

61.  Apparatus according to claim 60, wherein another part of the surface of

the synthetic bubbles or beads is configured to be hydrophobic.

62. Apparatus according to claim 60, wherein a part of the surface of the

synthetic bubbles or beads is configured to be hydrophobic.
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