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(57) ABSTRACT

The invention relates to a stator for a flotation cell to be used
in the flotation of slurry-like material, such as ore and con-
centrate containing valuable minerals, by means of which
stator the orientation of the slurry flow created by the flotation
cell rotor can be controlled. The stator is composed of at least
three structural elements to be installed around the rotor pro-
vided with at least one flow regulator.
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1
ATOR FOR A FLOTATION CELL

ational stage application filed under 35 U.S.C.
on International Application No. PCT/FI2005/
led Mar. 31, 2005, and claims priority under 35
@S°C. 119 of Finnish Patent Application No. 20040498 filed
Apr. 6,2004.

The present invention relates to a stator for a flotation cell
to be used in the flotation of slurry-like material, such as ore
and concentrate containing valuable minerals, by which sta-
tor the slurry flow created by the rotor of the flotation cell can
be advantageously directed towards at least one of the flow
regulating members of the stator, so that the slurry jet is
prevented from flowing directly through the stator.

A flotation machine used in the recovery of valuable ingre-
dients usually includes a flotation cell provided with an inlet
aperture for feeding slurry into the cell, and an outlet aperture
for the non-flotatable material to be discharged from the
flotation cell. The air needed for creating froth is fed through
a hollow, rotatable axis, which axis is connected to an agitator
element that agitates the slurry in order to keep it in suspen-
sion. When the rotor serving as the agitator rotates, air is fed
in the slurry, and air bubbles are dispersed in the slurry. The
stator installed around the rotor guides the circulations of the
suspension formed by slurry and air. In addition, reagents are
fed into the flotation cell, which reagents are then attached
onto the surface of the valuable particles that are contained in
the slurry and should be recovered. The reagents make the
valuable particles hydrophobic and thus enhance the valuable
particles to be attached to air bubbles. As the valuable par-
ticles are attached to the air bubbles, the particles start to rise
upwards, towards the free top surface of the flotation cell, and
there form a stabile froth bed.

For example the U.S. Pat. No. 5,039,400 and the PCT
patent applications 01/43881 and 01/49388 describe a flota-
tion cell used for flotating ore and concentrate containing
valuable minerals, wherein a stator is installed around the
rotor. The stator includes spaced-apart flow regulating mem-
bers that are interconnected at least by a frame structure
provided at the bottom part of the regulating members. This
kind of a stator formed of flow regulating members and a
frame is manufactured of one piece, and consequently, as the
flotation cell sizes have grown, also the stator has become an
essentially large object that is heavy and troublesome to
handle, which as such increases expenses.

The object of the present invention is to eliminate draw-
backs of the prior art and to realize an improved stator for a
flotation cell used in the flotation of valuable minerals, which
stator is easier to handle and is composed of structural ele-
ments including one or several flow regulating elements of the
stator. The essential novel features of the invention are appar-
ent from the appended claims.

A flotation cell stator with a modular structure according to
the invention comprises at least three structural elements
included in at least one flow regulator. The stator is advanta-
geously composed of essentially identical structural ele-
ments, but the stator can also be composed so that the stator
includes different structural parts provided with different
numbers of flow regulators. The structural elements of the
stator can also be arranged so that the structural elements are
placed on top of each other, on two different levels. In addi-
tion, by changing the number of the structural elements of the
stators, it is possible to provide stators that are by volume
suitable for different sizes of flotation cells. Irrespective of the
size of the flotation cell stator according to the invention, the
structural elements are mutually arranged so that the tangen-
tial slurry jet emitted from the flotation cell rotor can be
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directed preferably towards at least one flow regulator of the
stator in order to prevent the slurry jet from flowing directly
through the stator.

In cross-section, the flow regulator of the stator according
to the invention of a flotation cell with a modular structure is
preferably oval-shaped or elliptical or even rectangular,
where the ratio of the larger dimension to the smaller is
preferably at least bigger than three. The flow regulator is
provided with a supporting structure, whereby the flow regu-
lator can be attached to the flotation cell or to a separate stator
fastening structure installed in the flotation cell, so that the
flow regulator can be advantageously aligned with respect to
the rotor provided in the flotation cell. The flow regulator and
the connected supporting structure constitute a single struc-
tural element of the stator according to the invention. By
combining said structural elements, there is obtained a stator
of the desired size.

One or several flow regulators can be connected to a sup-
porting structure provided in a single structural element ofthe
stator. From the point of view of the manufacturing and treat-
ment of the structural element, it is advantageous that the
number of flow regulators provided in each supporting struc-
ture is no more than five. According to a preferred embodi-
ment of the invention, three flow regulators are connected to
each supporting structure, so that the flow regulator placed in
the middle is located essentially equidistantly from the two
other flow regulators. In addition, in cross-section the middle-
most flow regulator is advantageously different from the two
other flow regulators, so that the ratio of the larger and smaller
dimensions of the cross-section is smaller than in the two
other flow regulators. Now, when installing the structural
element around the rotor of the flotation cell, that edge of the
middlemost flow regulator that is nearest to the rotation axis
of the rotor is arranged, in the radial direction, at an essen-
tially equal distance from the rotation axis as the correspond-
ing edge of the two other flow regulators.

‘When the supporting structure includes only one flow regu-
lator, this kind of structural element of the stator can advan-
tageously be manufactured in one piece, for example by cast-
ing. A structural element including one flow regulator can
also be manufactured so that both the flow regulator and the
supporting structure to be connected thereto are manufac-
tured separately, for example by casting, hot extrusion or even
by forging. Thereafter the flow regulator is connected to the
supporting structure by welding or soldering or even
mechanically, for instance by a screw joint.

When several flow regulators should be installed in the
supporting structure, both the flow regulators and the support-
ing structure are advantageously manufactured separately
and connected to the supporting structure of the flow regula-
tors in a similar way as in the case of one single flow regulator.
However, when desired, a structural element of the stator
containing two or more flow regulators can also be manufac-
tured as one piece, for example by casting. When several flow
regulators are arranged in one and the same supporting struc-
ture, the flow regulators can also be interconnected at that end
of the flow regulators that is opposite with respect to the
supporting structure, in which case in that end of the flow
regulators that is opposite to the supporting structure, there is
attached for example a connecting element that is essentially
similar to the supporting structure. The connecting element
arranged at the end opposite to the supporting structure can
also be essentially different from the supporting structure; for
instance, it can be a connecting element that is essentially
thinner and lighter than the supporting structure. The flow
regulators interconnected at the end opposite to the support-
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are better resistant to the strains caused by the
ing slurry treated in the flotation cell.
ufacturing, according to the invention, the struc-

ing element attached at the end opposite to the supporting
structure of the flow regulator, the desired final structural
element is coated for example by rubber lining, in order to
make the structural element better resistant to the wearing
effects of the slurry material treated in the flotation cell and
containing solids, such as valuable metals.

The invention is described in more detail below, with ref-
erence to the appended drawings, where

FIG. 1 is a schematical side-view illustration of a preferred
embodiment of the invention,

FIG. 2 is a schematical side-view illustration of another
preferred embodiment of the invention,

FIG. 3 is a schematical top-view illustration of a preferred
embodiment of the invention, and

FIG. 4 is a schematical top-view illustration of a stator
according to the invention, composed of structural elements.

According to FIG. 1, the structural element 1 of the stator,
used in a flotation cell, is formed of one flow regulator 2 and
ofasupporting structure 3 attached to the other end of the flow
regulator 2, whereby the flow regulator 2 can be connected to
the flotation cell or to a stator fastening structure installed in
the flotation cell. The flow regulator 2 and the supporting
structure 3 are further both coated by a wear-resistant rubber
lining.

The structural element 11 of the stator illustrated in FIG. 2
includes two flow regulators 12 and 13. At the other end, the
flow regulators 12 and 13 are interconnected by a supporting
structure 14 common to the flow regulators 12 and 13, by
means of which supporting structure 14 the flow regulators 12
and 13 can be connected to the flotation cell or to a stator
fastening structure installed in the flotation cell. At that end of
the flow regulators 12 and 13 that is opposite to the supporting
structure 14, there is installed a connecting element 15,
whereby the flow regulators 12 and 13 are also intercon-
nected. The structural element 11 composed of the flow regu-
lators 12 and 13, the supporting structure 14 and the connect-
ing element 15 is manufactured by casting, preferably in one
piece.

According to FIG. 3, the stator structural element 21 used
in a flotation cell includes three flow regulators 22, 23 and 24.
At one end, the flow regulators 22, 23 and 24 are intercon-
nected by a supporting structure 25. By means of the support-
ing structure 25, the flow regulators 22, 23 and 24 can be
advantageously interconnected to the flotation cell or to a
stator fastening structure installed in the flotation cell. With
respect to the supporting structure 25, the flow regulators 22,
23 and 24 are installed so that the middlemost flow regulator
23 is located at an essentially equal distance both from the
flow regulator 22 and from the flow regulator 24. In cross-
section, the flow regulators 22 and 24 are designed to be
essentially identical. On the other hand, the middlemost flow
regulator 23 differs from the flow regulators 22 and 24 in
cross-section, so that in the middlemost flow regulator 23, the
ratio of the larger dimension to the smaller dimension is
smaller than in the cross-section of the flow regulators 22 and
24.

The stator 41 illustrated in FIG. 4 is composed of structural
elements 42 according to the invention, each of which ele-
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ments includes three flow regulators 44, 45 and 46 arranged in
the same supporting structure 43. The structural elements 42
are arranged around the rotor 47 of the flotation cell, so that
the edges 49, 50 and 51 of the flow regulators 44, 45 and 46
placed nearest to the rotor rotation axis 48 are located at an
essentially equal distance from the rotor rotation axis 48.

The invention claimed is:

1. A flotation cell for use in the flotation of slurry-like
material, such as ore and concentrate containing valuable
minerals, the flotation cell comprising:

a rotor mounted to rotate about an axis, and

a stator including at least three structural elements angu-

larly spaced apart around the rotor,

wherein each structural element has first and second oppo-

site ends and comprises at least two flow regulators, a
supporting structure that is attached to and interconnects
the flow regulators at the first end of the structural ele-
ment and by which the structural element is connected to
the flotation cell or to a stator fastening structure in the
flotation cell, and a connecting element interconnecting
the flow regulators at the second end of the structural
element,

the flow regulators of each structural element are disposed

substantially parallel to each other,

and a structural element is manufactured by separately

casting the flow regulators, the supporting structure and
the connecting element, assembling the flow regulators,
the supporting structure and the connecting element to
form the structural element, and interconnecting the
flow regulators, the supporting structure and the con-
necting element by welding.

2. A flotation cell according to claim 1, wherein the flow
regulators of each structural element are interconnected by
the supporting structure, which is attached to the flow regu-
lators at one end of the structural element.

3. A flotation cell according to claim 1, wherein the flow
regulators of each structural element are identical in cross-
section.

4. A flotation cell according to claim 1, wherein at least two
flow regulators of each structural element are different in
cross-section.

5. A flotation cell according to claim 1, wherein each flow
regulator has an inner edge and an outer edge, the inner edge
ofthe flow regulator is closer to the axis of rotation of the rotor
than the outer edge, each structural element includes one flow
regulator of which the inner edge is closer to said axis of
rotation than the inner edge of another flow regulator of that
structural element, and the structural elements are positioned
around the rotor so that for each structural element the inner
edge that is nearest the axis of rotation is at substantially the
same distance from said axis of rotation as the inner edge of
the flow regulator of another structural element.

6. A flotation cell according to claim 1, wherein the stator
is composed of structural elements installed on two different
levels around the rotor.

7. A flotation cell according to claim 1, wherein the struc-
tural elements are positioned around the rotor so that a tan-
gential slurry jet emitted from the rotor is directed towards at
least one flow regulator in order to prevent the slurry jet from
flowing directly through the stator.
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7

The invention provides an agitator (1) is disposed to agitate
slurry within a flotation tank (2). The agitator includes a rotor
(6) mounted on one end of a centrally disposed drive shaft (7)
extending axially downwardly into the tank and driven by a
motor (8) and associated gearbox (not shown). The other end
of the drive shaft includes a mounting flange (9) adapted for
connection to the motor. A stator (10) is also provided around
the rotor. A froth deflection cone (11) extends around the
drive shaft adjacent the top of the tank. The deflection cone is
oriented such that its smallest diameter is located at its lower-
most end nearest the rotor (6). An auxiliary agitator (12) is
connected to the drive shaft at a position substantially mid-
way between the underside of the deflection cone (11) and the
top of the rotor (6), as shown in FIG. 1 and FIG. 2. The
auxiliary agitator (12) includes agitation blades (13) extend-
ing radially outwardly from diametrically opposite sides of
the shaft (7). Each blade (13) intersects the shaft at an angle of
incidence of around 45 degrees to the shaft axis (14).

ABSTRACT

35 Claims, 3 Drawing Sheets
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1

ARY AGITATOR FOR A FLOTATION
DEVICE

TATOR FOR A FLOTATION DEVICE” which claims the
benefit of Australian Patent Application No. 2003901207
filed on Mar. 17, 2003.

FIELD OF THE INVENTION

The present invention relates to flotation devices of the type
used in mineral separation and will be described hereinafter
with reference to this application. However, it will be appre-
ciated that the invention is not limited to this particular field of
use.

BACKGROUND OF THE INVENTION

The following discussion of the prior art is provided to
enable the invention to be placed in an appropriate technical
context, and to facilitate an appreciation of the advantages
that flow from it. However, references to prior art should in no
way be considered as an admission that such prior art is
widely known or forms part of common general knowledge in
the field.

Conventional flotation devices typically include a tank to
receive and contain slurry from a grinding mill, a cyclone
separator, or the like. An agitator, comprising a rotor housed
within a stator, is normally disposed within the tank to agitate
the slurry. An aeration system is also provided to direct air
under pressure into the agitator through a central conduit
formed within the drive shaft. Suitable reagents are also
added, which coat the surfaces of the mineral particles within
the slurry to make the particles hydrophobic so as to prefer-
entially promote bubble to particle attachment. As bubbles
dispersed by the rotor rise toward the surface of the tank, they
carry with them floatable valuable mineral particles, which
form a mineral enriched surface froth. The froth then migrates
over a lip and into a launder whereby the valuable mineral
particles suspended in the froth are recovered from the tank as
a mineral concentrate. The gangue particles remaining sus-
pended in the slurry, along with those mineral particles not
removed by flotation, are discharged from the tank through a
bottom outlet. The bottom outlet often incorporates a dart or
pinch valve, which is opened to allow the remaining slurry to
progress under gravity feed to downstream treatment pro-
cesses. An automatic control system, typically incorporating
a liquid level sensor and a PID controller, regulates a control
valve to maintain a substantially constant liquid level in the
tank. The rotor disclosed in U.S. Pat. No. 4,078,026 is an
example of a rotor that is used in prior art devices in this field.

As flotation devices increase in size, the agitation input
energy must increase proportionally. Moreover, for a large
flotation device to maintain efficiency, it must be capable of
achieving a similar flotation kinetic rate as that achieved by a
group of smaller cells of the same total volume.

In recent years, the size of flotation devices has increased,
primarily for economic reasons. However, the design of such
devices has remained relatively unchanged. Accordingly, for
the reasons mentioned above, these large flotation devices are
often not optimised in terms of flotation efficiency.

It is therefore an object of the present invention to over-
come or substantially ameliorate one or more of the disad-
vantages of the prior art, or at least to provide a useful alter-
native.
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2
SUMMARY OF THE INVENTION

Accordingly, a first aspect of the invention provides an
auxiliary agitator for a flotation device of the type having a
tank, a primary agitator including a primary rotor, drive
means, and a drive shaft disposed intermediate the drive
means and the primary rotor, the auxiliary agitator including:

an auxiliary agitation blade adapted, in use, to supplement
an axial flow induced in the tank by the primary rotor; and

connecting means for connecting the blade to the drive
shaft intermediate the drive means and the primary rotor.

Preferably, the angle of incidence is constant along the
length of the blade, as in an axial impeller, at between 15
degrees and around 75 degrees with respect to the direction of
travel of the blade. Alternatively, the angle of incidence varies
along the length of the blade, as in a propeller. In another
embodiment, the pitch of the blade is adjustable depending on
specific system parameters, such as slurry density, slurry
viscosity or flow characteristics within the tank.

Preferably, the blade includes a substantially straight lead-
ing edge. However, in alternative embodiments, the leading
edge may be curved.

Preferably, the blade is releasably connected to the shaft to
allow its position along the shaft to be adjusted. However, the
blade is preferably connected to the shaft at around the mid-
height of the tank.

Preferably, the connecting means include a clamp. More
preferably, the clamp is formed of two inter-engageable
clamping halves. More preferably, the two clamping halves
are substantially identical. Even more preferably, inner walls
of the clamp together define a generally cylindrical clamping
surface. Alternatively, the connecting means take the form of
welds or bolts.

Preferably, the agitator includes a resilient protective layer
coating its exterior surfaces. More preferably, the layer is
greater than 3 mm thick. Even more preferably, the layer is
between around 5 mm and around 7 mm thick.

Preferably, the agitator includes a pair of the auxiliary
blades, in use extending radially outwardly from diametri-
cally opposite sides of the shaft, each blade having associated
connecting means. Alternatively, the agitator includes at least
three of the blades, in use equally spaced around the perimeter
of'the shaft, each blade having associated connecting means.

Preferably, in use, each blade intersects the shaft at an angle
of'incidence of around 45 degrees.

According to a second aspect, the invention provides agi-
tation means for a flotation device of the type previously
defined, said agitation means including:

a drive shaft;

a primary rotor connected to one end of the drive shaft to
form the primary agitator; and

an auxiliary agitator as defined above.

Preferably, the agitation blade is releasably connected to
the shaft to allow its position along the shaft to be adjusted.
However, the blade is preferably located substantially at the
midpoint of the drive shaft.

Preferably, the agitation means are suitable for use in a
three phase environment including water, solids and air.

According to a third aspect, the invention provides a flota-
tion device including:

a tank for containing slurry incorporating minerals to be
extracted,

a feed inlet for admission of slurry into the tank;

agitation means, as defined above, to agitate the slurry
within the tank; and

aeration means to aerate the slurry whereby floatable min-
erals in suspension form a surface froth.
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fiffiid conduit for directing air from the blower into the rotor.
More preferably, the conduit includes an axial bore extending
through the drive shaft. Alternatively, the conduit is disposed
to direct air into the rotor from underneath.

Preferably, the flotation device includes a froth deflection
cone extending around the drive shaft adjacent the top of the
tank, the smallest diameter of the cone being at its lowermost
end nearest the rotor. More preferably, the deflection cone is
disposed to deflect froth outwardly toward the overflow laun-
der as it migrates toward the surface of the tank. Even more
preferably, the deflection cone is disposed to prevent vortex-
ing at the tank surface.

Preferably, the auxiliary agitator is adapted for use in a
flotation device having a tank with a capacity of at least 50m?>.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

FIG. 1 is a perspective view of an agitator incorporating
agitation means according to the invention;

FIG. 2 is a side view of the agitator of FIG. 1;

FIG. 3 is atop view of an auxiliary agitator according to the
invention; and

FIG. 4 is a sectional side view of a typical flotation device
incorporating the agitator.

PREFERRED EMBODIMENTS OF THE
INVENTION

Referring to the drawings, there is shown an agitator 1 for
a flotation tank 2, which tank contains a slurry incorporating
minerals to be extracted. The illustrated tank includes a gen-
erally flat base 3 and a substantially cylindrical sidewall 4
extending upwardly from the base. However, it will be appre-
ciated that in alternative embodiments, tanks of other shapes
and sizes are used. A peripheral overflow launder 5 extends
around the inside top of the sidewall for removing mineral
enriched froth as it floats to the surface.

The agitator 1 is disposed to agitate the slurry within the
tank. The agitator includes a rotor 6 mounted on one end of a
centrally disposed drive shaft 7 extending axially down-
wardly into the tank and driven by a motor 8 and associated
gearbox (not shown). The other end of the drive shaft includes
a mounting flange 9 adapted for connection to the motor. A
stator 10 is also provided around the rotor.

A froth deflection cone 11 extends around the drive shaft
adjacent the top of the tank. The deflection cone is oriented
such that its smallest diameter is located at its lowermost end
nearest the rotor 6.

An auxiliary agitator 12 is connected to the drive shaft at a
position substantially midway between the underside of the
deflection cone 11 and the top of the rotor 6, as shown in FIG.
1 and FIG. 2. The auxiliary agitator 12 includes agitation
blades 13 extending radially outwardly from diametrically
opposite sides of the shaft 7. Each blade 13 intersects the shaft
atan angle of incidence of around 45 degrees to the shaft axis
14.

The blades 13 are connected to the shaft 7 by a clamp 15.
The clamp is formed from two clamping halves 16 and 17
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secured together by bolts 18 and each including one blade 13.
The inner walls of the clamp define a cylindrical clamping
surface 19.

A 6 mm rubber coating 20 is provided on the outer surfaces
of the auxiliary agitator to protect it from chemical and
mechanical abrasion.

In use, the agitation blades 13 define an axial impeller to
supplement an axial flow induced in the tank by the primary
rotor 6. The diameter of the impeller is around 15% to 35% of
the diameter of the flotation tank.

An aeration system including an air blower and a fluid
conduit (not shown) is also provided to direct air from the
blower into the rotor 6. The conduit is defined in part by an
axial bore (not shown) extending through the rotor drive shaft
7.

In use, the rotor 6 induces a primary flow through the slurry
as indicated by arrows F1. The primary flow continuously
recirculates the slurry at the bottom of the tank to maintain the
particles in suspension. The aeration system continuously
disperses air into the rotor to form fine bubbles, which collide
with and adhere to the valuable mineral particles in the slurry
and subsequently float to the top of the tank to form a mineral
enriched surface froth. As the froth floats toward the surface,
it is directed radially outwardly by the deflection cone 11 for
recovery through the overflow launder 5.

The primary rotor 6 also induces a secondary flow through
the slurry as indicated by arrows F2. However, as flotation
devices increase in size, the secondary flow induced by the
primary rotor reduces. Accordingly, it has been found that
when floatable particles drop out of the froth zone at the tank
surface, the secondary flow induced by the primary rotor
alone is often not sufficient to draw these particles back into
the mixing zone of primary rotor for refloating, thereby
reducing the cell efficiency. This problem is particularly rel-
evant in flotation devices of capacity greater than around 150
m’ to 200 m* or larger.

The auxiliary agitator 12 increases the secondary flow, F2,
in large flotation devices to an extent comparable to that of a
group of smaller cells of equivalent total volume. It achieves
this by inducing a downward current, which increases the
secondary flow turnover rate. This, in turn, draws floatable
particles that have dropped out of the froth zone down through
the tank and into the mixing zone of the primary rotor, thereby
increasing the probability that these particles will be
refloated, and hence increasing the overall efficiency of the
recovery process. In addition, the auxiliary rotor also facili-
tates dispersion of reagents added to the slurry through a
reagent addition tube 21 extending downwardly through the
deflection cone 11. This effect occurs primarily because of the
increased downward pumping action induced by the auxiliary
agitator, which forces the reagent enriched pulp downwards
into the primary rotor for reflotation. It will be appreciated
that the invention thereby provides both practical and com-
mercially significant advantages over the prior art.

It will be appreciated that in other embodiments many
components of the flotation device described above may be
substituted with suitable alternatives. For example, the aux-
iliary agitator can be connected to the drive shaft by other
means, such as welds or bolts. Also, the coating provided on
the outer surfaces of the auxiliary agitator may be formed
from an alternative material such as polyethylene and may
also be of a different thickness. In one embodiment, the
auxiliary agitator includes a curved leading edge, similar to
that on a propeller. The auxiliary agitator can also be shaped
to have a variable angle of incidence along its length. More-
over, while the invention has been described with reference to
conventional flotation cells, it will be appreciated that the
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The invention claimed is:

1. A flotation device comprising:

a tank for containing slurry incorporating minerals to be

extracted,

a feed inlet for admission of slurry into the tank;

an agitator to agitate the slurry within the tank comprising

a drive mechanism, a primary rotor connected to the
drive mechanism by a drive shaft, and an auxiliary agi-
tation blade, the primary rotor being adapted to induce a
primary fluid flow and a secondary fluid flow above the
primary fluid flow within the tank, and the auxiliary
agitation blade being disposed for coaxial rotation above
the primary rotor to induce axial fluid flow in a down-
ward direction, thereby to supplement the secondary
flow induced by the primary rotor; and

an aerator comprising an air blower and a fluid conduit for

directing air from the blower into the primary rotor so as
to aerate the slurry whereby floatable minerals in sus-
pension form a surface froth in the tank.

2. The flotation device according to claim 1, wherein said
auxiliary agitation blade induces substantially only axial flow
in a downward direction.

3. The flotation device according to claim 2, wherein the
auxiliary agitation blade, in use, acts as an axial impeller to
supplement an axial secondary fluid flow of the primary rotor.

4. The flotation device according to claim 2, wherein the
auxiliary agitation blade is part of an axial impeller.

5. The flotation device according to claim 1, wherein the
auxiliary agitation blade defines an angle of incidence that is
substantially constant along the length of the blade.

6. The flotation device according to claim 5, wherein the
angle of incidence is between 15 degrees and around 75
degrees with respect to the direction of travel of the auxiliary
agitation blade.

7. The flotation device according to claim 1, wherein the
auxiliary agitation blade defines an angle of incidence that
varies along the length of the blade.

8. The flotation device according to claim 1, wherein the
pitch of the auxiliary agitation blade is adjustable depending
on specific system parameters.

9. The flotation device according to claim 8, wherein the
specific system parameters include slurry density, slurry vis-
cosity and flow characteristics within the tank.

10. The flotation device according to claim 1, wherein the
auxiliary agitation blade comprises a substantially straight
leading edge.

11. The flotation device according to claim 1, wherein the
leading edge of the auxiliary agitation blade is curved.

12. The flotation device according to claim 1, wherein the
auxiliary agitation blade is releasably connected to the drive
shaft to allow its position relative to the primary rotor to be
adjusted.

13. The flotation device according to claim 1, wherein, in
use, the auxiliary agitation blade is connected to the shaft at
around a midheight of the tank.

14. The flotation device according to claim 1, wherein the
auxiliary agitation blade is connected to the drive shaft for
conjoined rotation with the primary rotor.
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15. The flotation device according to claim 1, wherein the
auxiliary agitation blade is connected to the drive shaft by at
least one of a clamp, welds and bolts.

16. The flotation device according to claim 15, wherein the
clamp is formed of two inter-engageable clamping halves.

17. The flotation device according to claim 15, wherein
inner walls of the clamp together define a generally cylindri-
cal clamping surface.

18. The flotation device according to claim 1, wherein the
auxiliary agitation blade comprises a resilient protective layer
coating its exterior surfaces.

19. The flotation device according to claim 18, wherein the
protective layer is greater than around 3 mm thick.

20. The flotation device according to claim 18, wherein the
protective layer is between around 5 mm and around 7 mm
thick.

21. The flotation device according to claim 1, comprising a
pair of said auxiliary agitation blades, which in use extend
radially outwardly from diametrically opposite sides of the
drive shatt.

22. The flotation device according to claim 1, comprising at
least three of said auxiliary agitation blades, which in use are
equally spaced around the perimeter of the drive shaft.

23. The flotation device according to claim 21 or 22,
wherein, in use, each auxiliary agitation blade intersects the
shaft at an angle of incidence of around 45 degrees.

24. The flotation device according to claim 1, wherein the
fluid conduit comprises an axial bore extending through the
drive shaft.

25. The flotation device according to claim 1, wherein the
fluid conduit is disposed to direct air into the rotor from
underneath.

26. The flotation device according to claim 1, comprising a
stator surrounding the rotor.

27. The flotation device according to claim 1, wherein the
agitator is adapted for use in a three phase environment com-
prising water, solids and air.

28. The flotation device according to claim 1, comprising a
froth deflection cone extending around the drive shaft adja-
cent the top of the tank, the smallest diameter of the cone
being at its lowermost end nearest the rotor.

29. The flotation device according to claim 28, comprising
a peripheral overflow launder extending around the inside top
of the tank and wherein the deflection cone is disposed to
deflect froth outwardly toward the overflow launder for
recovering mineral enriched froth from the surface of the
tank.

30. The flotation device according to claim 28, wherein the
deflection cone is disposed to prevent vortexing at the tank
surface.

31. The flotation device according to claim 28, wherein the
auxiliary agitation blade is located substantially midway
between the top of the rotor and the bottom of the deflection
cone.

32. The flotation device according to claim 28, comprising
a reagent addition tube extending downwardly into the tank
through the deflection cone.

33. The flotation device according to claim 1, adapted for
agitating a slurry containing up to around 55% solids.

34. The flotation device according to claim 1, wherein the
tank has a capacity of at least 50 m>.

35. The flotation device according to claim 1, wherein said
auxiliary agitation blade has a diameter of around 15% to
around 35% of the tank diameter.

#* * #* #* #*
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The present invention relates to a flotation machine that is
used for recovering valuable ingredients from slurry, such as
slurry that contains minerals. In particular, the invention
relates to a rotor of a flotation machine, which rotor is
arranged to rotate for setting the slurry fed into the flotation
cell in motion and is dispersing air into the slurry.

A flotation machine used for recovering valuable ingredi-
ents, such as metal concentrates, usually comprises a flotation
cell provided with an inlet aperture for feeding slurry into the
cell, and an outlet aperture for letting the non-flotated mate-
rial, 1.e. tailings, out of the cell. The air needed for creating the
froth is fed to the rotor through a duct arranged to the shaft of
the rotor. When rotating the rotor, air is fed into the slurry, and
air bubbles are dispersed therein. Air bubbles flow upwards
and enter the surface of the slurry where they form a froth bed.
Reversed flotation is a process where valueless ingredients
are made hydrophobic and the valuable material remains
non-flotated and is removed as tailings from a flotation
machine through a discharge opening arranged close to the
bottom of the cell.

The dispersion mechanism of a flotation machine com-
prises a rotor and a stator. For example, U.S. Pat. No. 4,078,
026 discloses a flotation cell with a rotating rotor and a sta-
tionary stator, which is arranged to encircle the rotor. The
rotor fastened in a hollow vertical shaft rotates in the slurry
and air is fed through the rotor into a clearance arranged
between the rotor and the stator. The rotor comprises vertical
blades defining alternating air ducts and slurry grooves.

WO 02/081093 discloses a rotor that comprises vertical air
ducts and a cover disc whereto the air ducts are arranged. The
air ducts are open at their lower ends and closed at their upper
ends by the cover disc. The walls of the air ducts radially
extend from the interior of the rotor to the periphery of the
rotor and form vertical mixing and pumping blades of the
rotor. The air ducts are arranged at essentially equal distances
from one another. The air ducts define a space for the slurry in
the interior of the rotor and the outer surface of the air duct
walls define slurry grooves that alternate with the air ducts.
The air duct walls are mutually divergent and diverge form
each other in the direction proceeding outwardly from the
center part of the rotor. The outer edges of the air duct walls
define the periphery of the rotor. The cross sectional diameter
of the rotor preferably decreases towards the lower end of the
rotor. Air is conducted via air channels from the hollow shaft
into the air ducts.

The present invention provides an improved rotor for a gas
dispersion mechanism of a flotation machine. The rotor of the
present invention is efficient in preventing sanding effect on
the bottom of the flotation machine and provides efficient gas
dispersion that makes the hydrophobic particles and dis-
persed bubbles to get into contact. An object of the present
invention is to improve the performance of a prior art rotor
disclosed in WO 02/081093. The rotor according to the
present invention decreases cross-flow effect that has been
observed in connection with the operation of the prior art
rotor. Cross-flow effect means that aerated slurry returns into
the dispersion mechanism immediately after having exited
the mechanism. The essential novel features of the invention
are enlisted in the appended claims.

The present invention is a rotor of a gas dispersion mecha-
nism to be used in a flotation machine comprising a cover disc
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arranged to a rotatable shaft, air ducts that are arranged to
protrude downwards from the cover disc defining a space for
the slurry in the interior of the rotor. The air duct walls extend
from the interior of the rotor to the periphery of the rotor thus
forming mixing and pumping blades of the rotor. Slurry
grooves are defined by the outer surfaces of the air duct walls,
the slurry grooves being in fluid communication with the
space for the slurry. Air channels are arranged for conducting
air into the air ducts. A collar is arranged inside the rotor to
encircle part of the slurry space and to guide the slurry flow
into the interior of the rotor so as to prevent the cross-tlow
effect.

The collar is preferably arranged to the lower ends of the air
ducts. The collar is fitted to the rotor so as to rotate along with
the rotor. The collar, as being rigid and fitted to the air ducts,
supports the air ducts and makes the rotor structure rigid.

Typically, the rotating shaft is hollow for providing an air
channel for dispersion air to flow into the rotor. Often, the air
ducts are essentially vertical and arranged at essentially equal
distances from one another. According one embodiment of
the invention the air ducts are open at their lower ends and
closed at the upper ends by the cover disc.

According to one preferred embodiment of the present
invention the number of the air ducts arranged to the cover
disc and installed at equal distances from each other is six or
higher and the height of the air ducts is 40-60% of the radius
of the cover disc. The air duct walls are preferably mutually
divergent, and they are advantageously directed towards the
center of the rotor axis, so that the wall extensions intersect at
the center point of the rotor. Thus the air duct walls preferably
form an angle of 15-30 degrees. In addition, the design of the
air ducts preferably ensures that the air duct discharge surface
with respect to the slurry extends essentially uniformly from
the cover disc to the bottom of the rotor. Therefore, air can be
fed through the air ducts into the slurry essentially along the
whole height of the rotor.

The slurry grooves and the internal slurry space defined by
the air ducts and air duct walls of the rotor essentially fill the
remaining rotor volume.

When rotating, the rotor of the present invention creates a
pumping effect that makes the slurry flow into the internal
space defined by the air ducts and the cover disc in the rotor.
Majority of the slurry flow passes through a collar arranged to
encircle the slurry space. The collar is preferably attached to
the lower ends of the air duct walls and extends into the rotor
interior and towards the cover disc a distance that preferably
corresponds to one half to one sixth of the height of the air
ducts. The collar may extend towards the cover even a longer
distance than one half of the height of the air ducts. The total
height of the collar is not limited to the height of the rotor or
the air ducts, since the collar may extend outwards from the
periphery of the rotor and towards the bottom of the flotation
cell. The slurry exits the slurry space via slurry grooves
between the air ducts.

According to the preferred embodiment of the present
invention internal mixing and pumping blades are arranged to
each air duct protruding towards the center of the rotor, i.e.
towards the slurry space inside the rotor. According to another
embodiment of the present invention an internal mixing and
pumping blade is an essential part of the air duct and therefore
represents an extension to an air duct.

According to the preferred embodiment of the present
invention the cross section of the air ducts is U-shaped,
wherein the branches of U forms the air duct wall and the
mixing blades of the rotor.
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€nce the appended drawings, where

FIG. 1 is a schematic illustration of a preferred embodi-
ment of the invention, seen from below,

FIG. 2 shows a cross sectional side view A-A of the
embodiment of FIG. 1,

FIG. 3 shows a perspective exploded view of the preferred
embodiment of FIG. 1 and FIG. 2, and

FIG. 4 shows a cross sectional side view of a second
embodiment.

The rotor of FIGS. 1-3 is arranged to a hollow shaft (not
shown) via a cover disc 16. Air ducts 20 are attached to the
cover disc 16. The walls defining the air ducts 20 extend along
the cover disc, starting from the outer edge of the cover disc
16, radially towards the center of the disc a distance that is
50% of the length of the radius of the cover disc 16.

The air duct walls are mutually divergent and the extension
lines of the walls intersect at the center point of the rotor. The
air duct walls diverge from each other in an angle of 20
degrees.

Channels for conducting air from the hollow shaft to the air
ducts are arranged inside the cover disc. Air flow enters the air
ducts via apertures 12 arranged to the cover disc 16. The
aperture for the air to enter the air duct may be arranged at any
point of the walls defining the air duct. According to another
embodiment of the invention, air is introduced into the air
duct through a channel arranged inside an air duct extension
13.

The slurry grooves 18 defined by the outer surface of the air
duct wall are in fluid communication with the slurry space 17
that is provided for the slurry in the center part of the rotor 10.

The rotor creates a pumping effect and suction that draws
the slurry into the rotor. The slurry flow enters the rotor via a
collar 15 arranged to encircle part of the slurry space 17. The
collar 15 is attached to the air duct walls 11 at their lower end
and the collar 15 extends from the bottom of the rotor 10
towards the cover disc 16 by a distance that is 25% of the
height of the air ducts 20. In the second embodiment, shown
in FIG. 4, the collar extends outward from the outer edges of
the air duct walls and towards the bottom of the flotation cell.

A slurry flow guide 14 is arranged to the bottom of the
cover disc 16 to enhance the slurry to exit the interior 17 of the
rotor 10. Arrows 19 indicate the direction of the main stream
of the slurry flow.

Internal mixing and pumping blades 13 are arranged to
extend from the air ducts towards the center of the rotor. In
this embodiment the internal mixing and pumping blades are
triangle plate elements spanning between the air duct walls
11, the bottom of the cover disc and the slurry flow guide 14.

EXAMPLE

The various benefits of this invention can be seen in the
following test results, where the rotor of our invention was
tested against a prior art rotor disclosed in U.S. Pat. No.
4,078,026 having the same diameter and rotation speed.
Sanding effect and air hold-up performances were monitored.
In this context sanding means the amount of solid particles
lying on the bottom of the flotation cell, usually measured in
thickness of the solids layer. The higher is the amount, the
smaller is the effective volume of the cell. The inactive par-
ticles (both valuable and gangue) also have a tendency to form
hard mud, which makes maintenance work difficult. The
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hardened material can detach in large chunks and cause fail-
ure in the flotation cell impellers and valves. Air hold-up is the
total volume of air bubbles contained in the cell. Volume is
defined by quantity and size. Usually, the volume is measured
as percentage of the total cell volume. The higher the quantity
is, the more opportunities there are for bubble-particle attach-
ment. The smaller the bubbles, the higher is the volume due to
weaker buoyancy force and thus slower rise velocity. Thus,
the theoretical ultimate aim would be to disperse a maximum
number of bubbles, which are just big enough to carry the
mass of the particle.

Sanding was completely eliminated in conditions where
standard rotor left 17% of the sand at the bottom of the tank.

The efficiency of air dispersion was improved. In water the
standard rotor could create an air hold-up of 11.5% and this
improved rotor could increase the air hold-up to 22% with the
same air flow. The reason for increased air hold-up is that the
air bubbles created by the improved rotor were smaller and
thus remained a longer time in the cell.

In an industrial scale test at 40% solids by weight, the rotor
of this invention was able to disperse 20 m*/min of air against
14 m*/min by a standard rotor.

The invention claimed is:

1. A rotor of a gas dispersion mechanism to be used in a
flotation machine, the rotor comprising:

a cover disc for attachment to a rotatable shaft,

air ducts extending downward from the cover disc in an

outer region of the rotor for delivering air to the periph-
ery of the rotor whereby the rotor defines a space for the
slurry inward of the air ducts, the air ducts being defined
by air duct walls extending from the interior of the rotor
to the periphery of the rotor and forming mixing and
pumping blades of the rotor, wherein outer surfaces of
the air ducts define slurry grooves that are in fluid com-
munication with the space for the slurry,

air channels for conducting air into the air ducts, and

a collar disposed below the cover disc and encircling part of

the slurry space for guiding the slurry flow into the
interior of the rotor,

and wherein the collar has an upper edge and the air duct

walls have lower end portions that extend downward
beyond the upper edge of the collar and are disposed
outward of the collar.

2. The rotor according to claim 1, wherein the collar is
attached to the lower end portions of the air duct walls.

3. The rotor according to claim 1, wherein the collar has a
lower edge forming a the bottom line of the rotor and the
collar extends upward from the bottom line of the rotor a
distance that is between one half to one sixth of the height of
the air duct walls.

4. The rotor according to claim 1, wherein the collar
extends outwards and downwards from outer edges of'the air
duct walls.

5. The rotor according to claim 1, wherein the shape of the
collar is a truncated cone.

6. The rotor according to claim 1, wherein the height of the
air ducts is 40-60% of the length of the radius of the cover
disc.

7. The rotor according to claim 1, wherein the walls of the
air ducts are mutually divergent and diverge from each other
in an angle of 15-30 degrees.

8. The rotor according to claim 1, wherein each air duct has
two air duct walls that extend substantially radially of the
rotor.

9. The rotor according to claim 8, wherein the two air duct
walls of each air duct diverge outwardly of the rotor at an
angle in the range from 15 to 30 degrees.
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br according to claim 1, wherein the cover disc
channels for supplying air to the air ducts.
or according to claim 1, wherein the rotor com-

nal mixing blades protruding from each air duct towards
the center of the rotor.

13. The rotor according to claim 1, wherein the cover disc
comprises a bottom plate formed with apertures communi-
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cating with the air ducts and also comprises a top plate spaced

from the bottom plate and formed with a central opening,

whereby the space between the bottom plate and the top plate

defines a channel for conducting air from the central opening
5 in the top plate to the apertures in the bottom plate.
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