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MAGNETIC SEPARATOR

CROSS REFERENCE TO RELATED APPLICATION
The present application claims the benefit of U.S. Provisional Patent Application No.

61/279,945 filed 28 October 2009, which is incorporated herein by reference in its entirety.

BACKGROUND

The current demand for commodities is very high, at least in part as a result of the
industrial revolution occurring in China and to a lesser extent in India and other developing
countries. This demand has led to a search of the globe for occurrences of economic
concentrations of a wide variety of minerals and elements including but not limited to iron
oxides. Occurrences of iron oxides, whether present in their natural state or in tailings of
prior mining or mineral processing operations, can be economically recoverable if low cost
mineral processing systems, such as those based upon magnetic properties of minerals, are
developed that can isolate the iron oxides into commercially valuable concentrations. The
efficient recovery of weakly magnetic or para-magnetic particles from assemblages of
magnetic and non-magnetic particles would make many mineral and elemental occurrences
around the planet economically viable as sources of iron. Of particular economic interest
are concentrations of iron that occur naturally in certain rock and mineral formations around
the planet and iron concentrations that result from the creation of reject tailings deposition
basins or lean ore stockpiles resulting from past mining and mineral processing operations.
These tailings basins and stockpiles represent a collection of elements in a form that already
has considerable energy, manpower and “carbon footprint” invested into the mining and size
reduction of the rock involved and therefore such occurrences have even greater economic
and environmental attraction in the ongoing commodity shortage and concerns regarding
climate change. However, to date mineral processing systems effective to isolate iron
oxides from such occurrences have been unavailable, unknown, or prohibitively expensive
to build and operate. There is an ongoing need, therefore, for advancements relating to the

recovery of iron oxide from such occurrences. The present application addresses this need.
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SUMMARY

There are provided magnetic separator devices and systems, and methods for using
same, which separate magnetic particles from non-magnetic particles where both types of
particles are present in a mixture. The mixture is transported through the separator devices
and systems described herein in a water-mineral suspension referred to herein as a “slurry”.
As used herein, the term “magnetic,” when referring to a particle or mineral, is used
interchangeably with the term “magnetically susceptible,” and refers to the property of being
influenced by a magnetic field. This is separate and distinct from a material that is referred
to as a “magnet,” which refers to the property of generating a magnetic field.

In one aspect, the present application provides a high intensity magnetic separation
device for separating a treatment slurry including magnetic particles and nonmagnetic
particles suspended in water into a concentrate fraction and a tailings fraction. The device
includes: (1) a generally horizontal rotor rotatable about a generally vertical axis, the rotor
defining a circular channel rotatable about the axis, the channel defining a flow path through
the rotor and containing a matrix material therein, wherein the channel is configured to
allow passage of a downwardly moving fluid stream therethrough in contact with the matrix
material; (2) a rigid support frame operable to support the rotor; (3) a driver mounted to the
support frame, the driver operable to rotate the rotor at a generally constant rate; (4) a
plurality of permanent magnet members fixedly attached to the support frame, the
permanent magnet members positioned to straddle the channel at a plurality of locations
spaced apart along the circular path of the channel, the magnet members effective to apply
magnetic fields across a plurality of portions of the path where the channel is straddled by
the permanent magnet members, the portions defining a plurality of magnetics zones, the
magnetic zones being separated along the circular path by nonmagnetic zones, thereby
providing a repeating series of magnetic zones and nonmagnetic zones along the circular
path; (5) a plurality of feed conduits for delivering a treatment slurry into the channel at a
plurality of input locations, each input location being positioned within one of the plurality
of magnetic zones defined by the first plurality of permanent magnet members; (6) a
plurality of water delivery conduits for delivering water into the channel at a plurality of
locations within the magnetic zones and within the nonmagnetic zones defined by the

plurality of permanent magnet members; and (7) a plurality of tailings launders and a
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plurality of concentrate launders positioned beneath the channel; the tailings launders
positioned beneath the magnetic zones for receiving a tailings fraction of the treatment
slurry that passes through the channel in the magnetic zones; and the concentrate launders
positioned beneath the nonmagnetic zones for receiving a concentrate fraction of the
treatment slurry that passes through the channel in the nonmagnetic zones.

These and other aspects of the inventive devices, systems and processes are discussed

further below.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of one embodiment magnetic separator of the present
application.

Fig. 2 is a perspective view of a structural rotor frame of the magnetic separator
embodiment of Fig. 1

Fig. 3 is a perspective view of a trough component of the magnetic separator
embodiment of Fig. 1.

Fig. 4 is a perspective view of a curved permanent magnet member of the
magnetic separator embodiment of Fig. 1.

Fig. 5 is a top plan view of the permanent magnet member shown in Fig. 4.

Fig. 6 is a sectional view of the permanent magnet member shown in Figs. 4 and 5
along section line 6 in Fig. 5.

Fig. 7 is a perspective view of a jump magnet of the magnetic separator
embodiment of Fig. 1.

Fig. 8 is a perspective view of another embodiment magnetic separator of the
present application.

Fig. 9 is an elevation view of the separator embodiment shown in Fig. 8.

Fig. 10 is a cut-away top plan view of the upper separation stage of the separator
embodiment shown in Figs. 8 and 9.

Fig. 11 is a cut-away perspective view of the lower separation stage of the
separator embodiment shown in Figs. 8 and 9.

Fig. 12 is a flow diagram showing a separation process embodiment using the
separator embodiment shown in Figs. 8-11.

Fig. 13 is a flow diagram showing another separation process embodiment using
the separator embodiment shown in Figs. 8-11.

Fig. 14 is a flow diagram showing yet another separation process embodiment
using the separator embodiment shown in Figs. 8-11.

Fig. 15 is a nearly elevational perspective view of the bench tester described in
the Examples.

Fig. 16 is another perspective view of the bench tester of Fig. 15.
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DETAILED DESCRIPTION

For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the figures and specific
language will be used to describe the same. It will nevertheless be understood that no
limitation of the scope of the invention is thereby intended. Any such alterations and further
modifications in the described devices, systems, processes and methods, and such further
applications of the principles of the invention as described herein are contemplated as would
normally occur to one skilled in the art to which the present application relates.

The present application provides devices, systems, methods and processes to treat
iron-containing treatment slurries in such a fashion as to separate magnetically susceptible
particles from non-magnetic particles. In one aspect of the application, a unique magnetic
separation device is described that is useful for separating a slurry including magnetic
particles and nonmagnetic particles into fractions, at least one, referred to as a concentrate
fraction, having a higher magnetic particle content than the treatment slurry and at least one,
referred to as a tailings fraction, having a lower magnetic particle content than the treatment
slurry. For purposes of the present description, the term “treatment slurry” is referred to an
aqueous suspension of particles that is introduced into a magnetic separator as described
herein.

A treatment slurry to be introduced into a magnetic separator as described herein can
be a suspension of sized particles obtained from a mineral assemblage by screening or other
size classification process. The term “mineral assemblage” is used herein to refer to a
material that includes both magnetic and nonmagnetic particles, examples of which include
particle mixtures that result from mining, manufacturing, mineral processing, or other
treatment processes or systems. One mineral assemblage specifically contemplated by the
present application is a particle mixture that results from iron mining operations, such as, for
example, discarded solid material, or tailings, that includes ore of relatively low grade
and/or material that includes a significant proportion of non-ferrous rock material. The
mineral assemblages can also be mineral assemblages that are extracted for treatment from
their natural state in rock formations or alluvial mineral collections. The present application
also contemplates that certain mineral assemblages may include large rocks or other solid

portions that include target minerals, which would benefit from size reduction processing to
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extract target minerals therefrom. Thus, the application contemplates passing such materials
through a crusher or grinder device, or other suitable size reduction device, prior to
formation of a treatment slurry for treatment as described herein. The mineral assemblages
to be treated may include, for example, iron oxide from taconite processing; iron oxide from
natural iron ore, density separation, sluicing plants, or heavy media processing plants; iron
oxide stockpiles containing concentrations of silica, magnetite and/or hematite and possibly

other minerals; or iron formations including concentrations of hematite, magnetite, silica and
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possibly other minerals. In one embodiment, the slurry is first passed through a wet
screening device to remove relatively large particles and debris from the mineral
assemblage.

The magnetic separation device is a high intensity separator that utilizes an
amplified magnetic field generated by a plurality of permanent magnet members. The
separation device is effective for recovering even weakly magnetic particles from a
treatment slurry including same in admixture with non-magnetic particles. Generally, the
device comprises at least one large rotatable turntable, also referred to herein as a rotor,
that defines at least one circular channel, and preferably a set of connected, spaced apart
concentric channels, therethrough. For purposes of the present description, embodiments
having multiple spaced apart concentric channels on a single rotor are described;
however, the present application contemplates embodiments having only a single
channel, or having more or fewer channels than the embodiments illustrated in the
drawings. The turntable is supported on a fixed separator frame and rotates in a generally
horizontal plane around a generally vertical virtual axis, and a treatment slurry is directed
through the channel or channels as the turntable rotates. Each channel is defined by an
outer circular vertical side wall, an inner circular vertical side wall and a foraminous,
screen cloth, slotted, or porous floor. One or more of the outer and inner side walls and
the floor can optionally be composed of a magnetically susceptible material, such as, for
example, a magnetically susceptible steel. In other embodiments, the outer and inner side
walls and the floor are composed of non-magnetically susceptible materials, such as, for
example, stainless steel, fiberglass , carbon composite, high density polyurethane or other
durable plastic material. At least one of the channels, and preferably each of the

channels, also includes a plurality of spaced apart vertical separating walls that separate
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the circular channel into compartmentalized arc sections (also referred to herein as
“arcuate channel sections). The channel sections contain a magnetically susceptible
matrix material that is effective when positioned in a magnetic field to attract and at least
partially retain magnetically susceptible particles in the treatment slurry as the treatment
slurry passes in a generally downward direction through the channel.

As the turntable is rotated, the channels are concurrently rotated through a 360°
arc, and a single full rotation of the channels through a 360° arc causes each point of the
channels to pass through a plurality of magnetic zones by passing the point through a
plurality of applied magnetic fields spaced radially around the axis. In this manner a
single rotation of the turntable through a 360° arc passes a given point of each channel
(i.e., each channel section) into and out of a plurality of magnetic zones. In one preferred
embodiment, described in more detail below, the magnetic separator includes nine
separate magnetic zones separated by nine nonmagnetic zones, cach pair of adjacent
magnetic and nonmagnetic zones being referred to herein as a sector of the separation
device. Itis not intended, however, that the present application be limited to this specific
number of magnetic zones and nonmagnetic zones, it being understood that magnetic
separators having a greater or lesser number of sectors are also contemplated.

The magnetic field in each magnetic zone is produced by permanent magnet
members located at fixed positions relative to the circular path of rotation of the channels.
In one preferred embodiment, the permanent magnet members are placed in juxtaposition
with the inner side wall and outer side wall that define a given channel, such that rotation
of the turntable, and thus the rotation of the channel, about the vertical axis, passes the
channel between two permanent magnet members, which define a magnetic zone, during
a portion of the arc rotation. In order to apply a magnetic field across a sufficient arc
length of the channel, the permanent magnet members can be curved to a predetermined
radius of curvature, and can have a predetermined arc length to provide a magnetic zone
having a desired arc length. The permanent magnet members are held in such fixed
locations by attachment to a portion of the fixed separator frame that is positioned above
the turntable. The portion of the fixed separator frame to which the permanent magnet
members are attached is rigidly connected to the portion of the fixed separator frame

upon which the turntable is supported so that the relative orientation of the permanent
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magnet members to the rotating channel remains substantially uniform during rotation of
the turntable and operation of the magnetic separator.

In embodiments in which the turntable defines multiple spaced-apart concentric
channels, the plurality of channels defined by the turntable are preferably positioned
sufficiently near one another such that a permanent magnet member juxtaposed to the
inner circular wall of one channel is also juxtaposed to the outer circular wall of another
channel (with the exception of the magnet member juxtaposed to the inner wall of the
innermost channel). In this way, a single permanent magnet member positioned between
two channels applies a magnetic field across both channels. By orienting each of the
channels and magnet members in this way, the number of permanent magnet members
required to provide a magnetic field across multiple channels in a given sector is
represented by the equation:

M=C+1
where “C” represents the number of channels in the magnetic zone and “M” represents
the number of permanent magnet members in the magnetic zone sector. In the
embodiments illustrated in the drawings, for example, each sector includes six channels
and seven permanent magnet members. Orientation of permanent magnet members in
this manner defines a single magnetic zone that spans each of the channels in one radial
section of the separator. Moreover, with multiple permanent magnet members positioned
in a given sector of the turntable, the magnetic members in a given sector enhance the
magnetic effects of one another, thereby generating an intensified magnetic field in a
given sector of the turntable.

During the portion of arc movement when a given channel section is within the
applied magnetic field (i.e., within the magnetic zone), magnetic materials within the
treatment slurry introduced into the channel in the magnetic zone are attracted to the
matrix material positioned in the channel , and become entrapped by the matrix material.
The non-magnetic materials, however, are unaffected by the magnetic field and pass
through the matrix material and channel. The magnetic particles entrapped by the matrix
material in the channel remain associated with the matrix material in the channel while it
is in the magnetic field, but can be released from the matrix material in the channel

section after it rotates out of the magnetic zone and into a nonmagnetic zone. Due to the
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different behavior of the respective magnetic and non-magnetic particles with respect to
the matrix material, separation of the particles can be achieved as the treatment slurry
passes through the matrix material in the channel.

In typical operation of the magnetic separator, a treatment slurry is directed into
cach channel at positions within each of the applied magnetic fields (i.e., within the
magnetic zones). Preferably, treatment slurry is directed into each channel at positions
where a channel first enters the magnetic zones relative to the rotation of the channel
through the magnetic zones. Once the treatment slurry is introduced into the channel, the
magnetic particles in the treatment slurry begin to become attached to and entrapped
within the channel by magnetic attraction to the matrix residing within the channel. Non-
magnetic particles, however, pass through the matrix. Continued rotation of the channel
brings the entrapped magnetic particles out of the magnetic zone and into a nonmagnetic
zone, and the magnetic particles are then released from the matrix and washed out of the
channel section. Separate collectors, also referred to herein as launders, can be
positioned below the turntable and used to receive the magnetic particles and non-
magnetic particles separately. Circular construction of the individual channels permits
efficient operation as a continuous, rather than a batch, system.

Fig. 1 depicts a partial perspective view of one embodiment magnetic separator
100, omitting (for the sake of clarity) the fixed separator frame upon which various
components of the magnetic separator are supported or mounted (see, ¢.g., fixed separator
frame 201 of separator 200 depicted in Fig. 8), and also omitting (for the sake of clarity)
treatment slurry delivery apparatus, rinse/flush water delivery apparatus and launder
apparatus for collecting separated fractions of the treatment slurry. In magnetic separator
100, rotor 105 includes structural rotor frame 110 (see also Fig. 2) and six annular
troughs 121, 122, 123, 124, 125, 126. In one embodiment, rotor 105 has an outside
diameter of about twenty-two feet. Structural rotor frame 110 comprises inner support
frame component 112, outer support frame component 114 and multiple radial support
frame components 116 rigidly connected to inner support frame component 112 and outer
support frame component 114. Annular troughs 121, 122, 123, 124, 125, 126 are spaced

apart from one another in concentric rings, are mounted on and carried by structural rotor
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frame 110, and define channels, also referred to as runways, for passage of a treatment
slurry therethrough as described further hereinbelow.

As depicted in Fig. 2, each of inner support frame component 112 and outer
support frame component 114 is supported by rotatable carriage wheels 115, which are in
turn mounted either on the fixed separator frame (not shown) or to the rotor support
frame components 112 and 114. Further structures (not shown) can also be included to
guide rotor 105 and maintain rotation of troughs 121, 122, 123, 124, 125, 126 through
proper arcs of rotation. For example, guidance wheels or thrust control wheels (not
shown) are also optionally positioned on either rotor frame 110 or the structural support
frame to guide and maintain the proper rotation of rotor 105 about the vertical axis of
rotation. While a specific embodiment of rotor 105 is shown and described, the present
application is not intended to be limited by the specific carriage elements shown and
described, it being understood that a variety of alternative arrangement can be readily
envisioned by a person skilled in the art to ensure proper rotation of rotor 105 about the
vertical axis. One skilled in the mechanical arts can readily envisage and implement a
variety of alternative designs to provide a rotor supported and guided in its rotation by,
for example, bearing and thrust wheels attached to cither the fixed frame or the rotor
frame and riding on plates or rails or the like.

In operation of magnetic separator 100, rotor 105 is caused to rotate in the
direction indicated by arrow R at a generally constant rate by driver 118, which driver
can be, for example and without limitation, an electric motor. Driver 118 can be
configured to engage and drive rotor 105 in a wide variety of ways as would be
contemplated by a person skilled in the art. For example, and without limitation, in one
embodiment, driver 118 is configured to drive a sprocket (not shown) through a reducer
(not shown), with the sprocket engaging a plurality of chain links (not shown) fastened to
rotor frame 110. Alternatively, driver 118 can be configured to drive a rubber wheel that
engages a surface of rotor frame 110 to drive rotation of rotor 105 by friction. In another
embodiment, driver 118 is configured to drive rotor 105 using a bull gear (not shown)
fastened to rotor frame 110 such that the bull gear is engaged by a pinion gear (not
shown) driven by a reducer which is driven by the electric motor. While the embodiment

depicted in Fig. 1 includes driver 118 positioned to engage inner support frame
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component 112, in other embodiments a driver is positioned to engage outer support
frame component 114. In other words, the driver can engage and rotate rotor 105 from
the outside of support frame component 114 or the inside of support frame component
112. In one embodiment, driver 118 is a variable drive electric motor. .

Fig. 1 also depicts nine sets 140 of permanent magnet members, cach of sets 140
including multiple curved permanent magnet members 141, 142, 143, 144, 145, 146, 147
in spaced apart relationship to define a generally constant annular space therebetween.
Each of permanent magnet sets 140 defines a magnetic zone and, together with the
nonmagnetic zone 178 (discussed further below) on the trailing edge of the magnetic
zone relative to the rotation of rotor 105, defines a sector of separator 100. Curved
magnet members 141, 142, 143, 144, 145, 146, 147 are mounted on a portion of the fixed
separator frame (not shown) above rotor 105, and are held in fixed positions as rotor 105
rotates. Each of curved magnet members 141, 142, 143, 144, 145, 146, 147 is positioned
such that the annular space between adjacent ones of magnet members 141, 142, 143,
144, 145, 146, 147 provides a pathway for passage of one of troughs 121, 122, 123, 124,
125, 126 as rotor 105 turns. More specifically, in each permanent magnet set 140,
magnet members 141 and 142 are positioned such that trough 121 passes therebetween as
rotor 105 turns. Similarly, magnet members 142 and 143 are positioned such that trough
122 passes therebetween as rotor 105 turns, magnet members 143 and 144 are positioned
such that trough 123 passes therebetween as rotor 105 turns, magnet members 144 and
145 are positioned such that trough 124 passes therebetween as rotor 105 turns, magnet
members 145 and 146 are positioned such that trough 125 passes therebetween as rotor
105 turns, and magnet members 146 and 147 are positioned such that trough 126 passes
therebetween as rotor 105 turns.

Fig. 3 depicts a representative component 130 that can be used for assembly of
one of troughs 121, 122, 123, 124, 125, 126 on rotor 105, and which comprises an arcuate
segment of one of troughs 121, 122, 123, 124, 125, 126. Component 130 includes curved
inner vertical wall 131 and curved outer vertical wall 132 defining channel 133
therebetween. In one embodiment, channel 133 is about four inches wide (i.e., the
distance between inner wall 131 and outer wall 132 is about four inches) and has a height

of about twelve inches. Component 130 also includes a plurality of radially-oriented
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spaced apart vertical separating walls 134 that separate channel 133 into channel sections
135. Separating walls 134 preferably extend from near the top to near the bottom of
troughs 121, 122, 123, 124, 125, 126. In one embodiment, walls 134 have a height of
about eight inches. In another embodiment, walls 134 are spaced out from one another
about six inches, thereby providing channel segments 135 having arc lengths of about six
inches. Component 130 also includes flanges 136 positioned and oriented for attachment
to radial support frame components 116, for example by bolting the flanges to frame
components 116 or by other attachment means as would occur to a person of ordinary
skill in the art.

As discussed above, component 130 depicted in Fig. 3 is a representative example
of a portion of troughs 121, 122, 123, 124, 125, 126; and it is understood that multiple
parts having the general shape of component 130 will be needed to assemble a full 360°
trough. Moreover, it is understood that components for assembling different ones of
troughs 121, 122, 123, 124, 125, 126 will necessarily have different radii of curvature and
different arc lengths due to the varying distances of the respective troughs from the
vertical axis. Specifically, and by way of example, because trough 121 is positioned
closer to the vertical axis than trough 122, trough 121 will have a smaller radius of
curvature and a shorter arc length than trough 122, which is positioned further from the
vertical axis.

In operation of magnetic separator 100, channel sections 135 (or channel 133
generally if separating walls 134 are omitted) contain a magnetically susceptible matrix
material (not shown). The matrix material positioned within the channels can be
composed of a wide variety of magnetic materials. In one embodiment, the matrix
material comprises standard carbon steel screening, wire mesh, or steel mesh, that is
folded upon itself in a number of plys, or “pleats,” that, when well compacted, forms a
block of foraminous or reticulated material that fits tightly within the channels or
alternatively fits tightly into removable baskets that sit in the channel compartments. In
one embodiment, the wire mesh is folded with at least two and not more than six pleats
and includes at least four but not more than twenty openings per square inch. In another
embodiment, the matrix material comprises steel wool. In embodiment that include

removable baskets to hold the pleated wire mesh cloth matrix or steel wool, the baskets
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can be readily removed and replaced to facilitated rapid change out of the matrix
material, which is useful, for example, in the event of plugging with debris or oversize
particles or deterioration of the matrix material, such as by rusting or corrosion.

In another embodiment, channel segments 135 are configured to contain a
prescribed quantity per segment of discreet objects, such as, for example, hex nuts, steel
shot, iron balls or spheres, with high magnetic susceptibility. The discreet objects
function as magnetic field amplifiers, and can be used as the matrix material in place of
the wire mesh matrix described above. While separating walls 134 are present in
embodiments that employ a matrix material composed of discreet objects, walls 134 can
be present or absent in embodiments employing other types of matrix materials, such as,
for example, a folded screen or steel wool as described in the preceding paragraph. For
convenience, the embodiments described below include discreet object matrix materials
and therefore include walls 134; however, the present application expressly encompasses
embodiments in which walls 134 are absent.

While not shown in Fig. 3, it is understood that, where the matrix material
selected for use in a given operation is a discreet object matrix or a steel wool matrix, it is
necessary for component 130 to also include a foraminous floor (not shown) that is
effective to permit the treatment slurry or a fraction thereof to exit channel 133 without
significant impedance, but that retains the discreet object matrix or a steel wool matrix in
channel 133. In one embodiment, the foraminous floor comprises a screen consisting of
slotted opening made using inverted V shaped wire to allow retainage of the discrete
matrix elements while allowing passage of particles in the treatment slurry. When the
discreet objects are included in channel segments 135, any apertures in the foraminous
floor of channels 133 allowing flow of a slurry out of channel 133 should be structured to
prevent passage of the discreet objects out of segments 135 as the slurry passes
therethrough. For example, in one embodiment, apertures provided in the floors of
channels 133 (not shown) are covered by a layer of screen cloth (not shown) defining
openings or slot widths smaller than the smallest dimension size of the discreet objects,
and thereby operative to hold the discreet objects in segments 135 as the slurry passes

through segments 135.
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While it is not intended that the present invention be limited by an theory whereby
it achieves any result, it is believed that the discreet objects in channel segments 135,
when passing through the magnetic fields generated by permanent magnet members 141,
142, 143, 144, 145, 146, 147, become packed into fixed positions in channel segments
135, such as, for example, in a relatively horizontal layer as a result of the forces of
gravity and of the applied magnetic fields, which packing provides an effective matrix for
separating magnetic particles from non-magnetic particles as the treatment slurry passes
through segments 135. After a given segment 135 passes out of a magnetic field, the
discreet objects in channel segments 135 are released from the packed orientation. As a
result, the use of the discreet objects in channel segments 135 provides an excellent
matrix for separating magnetic particles having excellent grade, while also achieving
excellent recovery and throughput together with excellent self-cleaning characteristics
due to the freedom of the discreet objects to move relative to one another.

In one embodiment, the matrix used to amplify the magnetic field produced by
permanent magnet members 141, 142, 143, 144, 145, 146, 147 is composed of a mixture
of steel or iron shot (spheres) such as the shot used in shotgun shells or similar collections
of iron or steel spheres or balls with diameters of for example 5/16 of an inch, % of an
inch, 3/16 of an inch or smaller down to #8 shot size. In another embodiment, the
discreet objects are hex nuts, such as, for example Y4-inch size hex nuts.

In one embodiment, combinations of shot of different sizes are included in
segments 135. For example, in one embodiment a combination of larger size shot, such
as, for example, 5/16 of an inch diameter, 4 of an inch diameter, F, FF, B, #00, #0, #BB,
#1, #2 or #3 shot together with a smaller size shot, such as, for example, #4, #5, #6, #7 or
#8 shot is included in segments 135. In one embodiment, the combination includes #2 or
#3 shot together in a 1:1 ratio with a smaller size shot like a #4 or #5 shot. The
combination of larger balls or shot, such as, for example, a #2 shot mixed in a 1:1 ratio
with a #5 shot, are expected to give excellent recovery plus excellent flow rates and still
offered the benefits of a self-cleaning matrix as the rotors of the separator turn and flush
water hits the matrix. In another embodiment, the combination includes a large-size shot,
such as, for example, a 5/16 of an inch diameter shot together in a 1:1 ratio with a smaller

size shot, such as, for example, F shot. In one embodiment that includes a mixture of
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shot of different sizes, the shot is loaded into segment 135 by first introducing the smaller
size shot and then introducing the larger size shot, which results in a layered formation or
stratified formation with the larger shot on top and the smaller shot on the bottom. While
it is not intended that the subject matter of the present application be limited by any
theory, it is believed that this stratification allows enhanced flow through rate while
maximizing recovery and consequently overall product output. It is also believed that the
different sized shot remains generally layered in this manner even during operation of
separator 100 due to the gravitational and physical forces acting on the matrix.

In yet another embodiment, the matrix material comprises discreet objects of
different shapes, such as, for example, steel shot mixed with hex nuts, bolts, nails or the
like. It is to be appreciated that a variety of sizes, shapes and/or ratios can be employed,
and variation in the sizes, shapes and/or ratios can be useful to achieve an optimal
combination of grade and recovery depending upon the actual characteristics of a slurry
being treated, such as, for example, the mineral grain size, liberation degree, hematite
content and nonmagnetic content. Moreover, in embodiments in which multiple different
separator operations are performed (i.e., rougher, finisher, cleaner and/or scavenger
operations, as discussed further below), it is possible to use different sizes, shapes and/or
ratios of discreet objects in different phases of separation. As will be appreciated by a
skilled artisan, where different separation phases are performed on a single turntable, the
use of matrix materials of different sizes, shapes and/or ratios for the different operations
will require the operations to be performed in different channels of the turntable rather
than in different sectors of the turntable (see descriptions below for more details).

Figs. 4-6 depict a representative example of one of curved permanent magnet
members 141, 142, 143, 144, 145, 146, 147. Each of magnet members 141, 142, 143,
144, 145, 146, 147 includes hollow body 150, also referred to herein as a “magnet can,”
in the form of a curved rectangular tube and end plates 154, 156 affixed to body 150.
Each of end plates 154, 156 includes a flange 155, 157 configured to be attached to radial
members of the fixed separator frame (not shown) of magnetic separator 100 to mount
magnet members 141, 142, 143, 144, 145, 146, 147 to the frame. Body 150 also includes
structural support members 151. Body 150, end plates 154, 156 and support members

151 can be, for example, composed of stainless steel. As depicted most clearly in the
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cross section set forth in Fig. 6, a set of permanent magnet members 158 are contained
inside body 150. Magnets 158 can be positioned in body 150 through an end thereof, and
then are held in place by attachment of end plates 154, 156 to body 150. In the cross
section shown in Fig. 6, six separate permanent magnets are contained in side by side and
stacked relationship in body 150. In a preferred embodiment multiple magnets are
contained in each magnet can to substantially fill body 150 along its arc length, i.e., from
end plate 154 to end plate 156. In one preferred embodiment, not shown, permanent
magnet members 141, 142, 143, 144, 145, 146, 147 are made using individual permanent
magnets having dimensions of about 1 inch x 4 inches x 6 inches. Ten such magnets are
formed into a magnet block having dimensions of about 5 inches x 8 inches x 6 inches by
gluing the ten magnets to one another in a 2 x 5 stacked arrangement. More specifically,
two groups of five magnets each are glued together in side by side relationship, with the
poles of the respective magnets aligned, and then one of the groups is glued to the other
group in a stacked relationship, again, with the poles of the magnets aligned. Multiple
magnet blocks made in this way are then pushed into the magnet can through one end,
with the poles of the magnets aligned, and held in place by attachment of end plates 154,
156 to body 150. Using magnets made in this manner, and arranged as shown in Fig. 1,
cach magnetic zone 140 is capable of generating a magnetic field of from about 50,000 to
about 70,000 gauss at the center of magnetic zone 140.

In one embodiment, magnetic separator 100 includes a field maximizing system
(not shown) configured to shunt magnetic filed lines such that maximum field density is
achieved in the gaps between permanent magnet members 141, 142, 143, 144, 145, 146,
147, i.e., the gaps through which troughs 121, 122, 123, 124, 125, 126 pass. The field
maximizing system can include, for example a first backing plate (not shown) attached to
the inner wall of the innermost permanent magnet member (i.c., magnet member 141), a
second backing plate (not shown) attached to the outer wall of the outermost permanent
magnet member (i.c., magnet member 147), and a connecting steel member (not shown)
connecting the first and second backing plates and thereby transmitting the magnetic field
between the first and second backing plates. In one preferred embodiment, a structural
support beam of the fixed structural frame from which the permanent magnet members

are supported operates as the connecting steel member. In this way the first and second
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backing plates and the connecting steel member shunt the magnetic field lines such that
maximum field density is achieved in the gaps between the permanent magnet members
and thereby the matrix material passing therethrough is subjected to an enhanced
magnetic field density for maximum amplification at the touch points between discrete
matrix objects. These touch points, with maximum amplification, exhibit a strong
attraction for magnetic particles in the treatment slurry, and operate as pickup points to
attract and retain the magnetic particles. As will be appreciated by a person skilled in the
art, cach of the nine sets of permanent magnets 140 in separator 100 can optionally
include a field maximizing system as described above. Alternatively, some, but not all of
permanent magnet sets 140 can include a field maximizing system.

Magnetic separator 100 also includes optional jump magnets 160. With reference
to Fig. 1, jump magnets 160 are attached to the trailing end of magnet members 141, 142,
143, 144, 145, 146, 147, relative to the direction of rotation R of rotor 105. As used
herein, the term “trailing end” is intended to indicate the end of magnet members 141,
142, 143, 144, 145, 146, 147 that is passed last by a given point of troughs 121, 122, 123,
124, 125, 126 as rotor 105 turns in direction R. Jump magnets are desirably included in
embodiments in which the matrix material contained in one or more of channels 133 is a
discreet object matrix, and operate to provide a jolt to the matrix as or immediately after a
given channel segment 135 passes out of the magnetic zone defined by a given permanent
magnet set 140, thereby assisting in dislodging magnetic particles adhered to the matrix
in the magnetic zone for recovery as the channel passes into a non-magnetic zone
between adjacent permanent magnet sets 140. The jolt produced by the jump magnets
accompanied by spray water effectively removes entrapped particles from the matrix in a
nonmagnetic zone. Other embodiments are contemplated in which jump magnets are
absent, and other sources of force are used to jostle or jiggle the discrete matrix objects to
dislodge and effectively clean out the matrix of entrapped particles. Another jostling
method includes the use of vibrators or rapid oscillators attached to strategic locations in
or around the nonmagnetic zones. Another method includes the use of rumble strips or
intentionally created bumps on the surface on which carriage wheels 115 roll, which may
be, for example, a bearing plate or a rail. Such bumps or rumble strips would also serve

to mechanically agitate the discrete matrix which, together with strategically positioned
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high pressure spray water pipes and nozzles, assist with dislodging particles from the
magnetic matrix in the nonmagnetic zones.

As will be appreciated by a person skilled in the art, in operation of magnetic
separator 100, rotation of rotor 105 is achieved by operation of driver 118. As rotor 105
rotates, a flow of treatment slurry is introduced into channel segments 135 at a plurality
of locations within one or more magnetic zones. As used herein, the term “magnetic
zone” is used to refer to an area through which channel segments 135 pass during rotation
of rotor 105 at which magnet members 141, 142, 143, 144, 145, 146, 147 straddle
channel 133 and apply a magnetic field across channel segments 135, and is identified in
the drawings by the same reference number as used to identify the set of permanent
magnet members 140. With reference to the embodiment depicted in Fig. 1, with rotor
turning in direction R, a flow of treatment slurry is preferably directed into channels 133
in inflow zones adjacent the leading edge of magnetic zones 140, examples of which are
represented by reference numeral 170. As used herein, the term “leading edge” is
intended to indicate the edge of magnetic zones 140 that is passed first by a given point
of troughs 121, 122, 123, 124, 125, 126 as rotor 105 turns in direction R. Delivery of
treatment slurry into channels 133 in inflow zones 170 can be accomplished, for example,
by utilizing one or a plurality of treatment fluid delivery systems (not shown), which can
be configured in a wide variety of manners as would occur to a person skilled in the art.
For example, treatment fluid delivery systems can include one or more manifold splitter
tanks (also referred to as distributors) positioned above rotor 105 and mounted on the
fixed separator frame (not shown), which have a plurality of splitters, sections and outlets
connected to a plurality of treatment fluid conduits for delivering a flow of treatment
fluid into channels 133 at fixed locations as channels 133 rotate through inflow zones
170.

Magnetic separator 100 also includes a water delivery system (not shown) for
introducing a flow of water into channels 133 at various positions. For example, with
reference to the embodiment depicted in Fig. 1, a flow of rinse water can be directed into
channels in rinse water zones, examples of which are represented by reference numeral
175. Each of zones 175 is within the magnetic zones of separator 100, and a flow of

water through channels 133 in zone 175 can assist with washing nonmagnetic particles
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from channels 133 while the matrix material in channels 133 is in a magnetically
energized state, and thus continues to adhere to magnetic particles captured from the
treatment slurry. The water delivery system (not shown) is also preferably configured to
introduce a flow of water through channels 133 in flush water zones, examples of which
are represented by the reference numeral 178, which are co-extensive with the
nonmagnetic zones discussed above. While it is understood that some residual magnetic
field may exist in flush zones 178 by virtue of the proximity of magnet members 141,
142, 143, 144, 145, 146, 147, nonmagnetic zones 178 represent areas where channel
sections 135 are not straddled by magnet members, and thus represent areas of the lowest
influence of magnet members 141, 142, 143, 144, 145, 146, 147 within channels 133.
Thus, zones 178 alternatively can be referred to as zones of zero or weaker magnetic
field, and the present description is to be read in light of same.

In flush zones 178 the flow of flush water through channel segments 135 is
effective to flush magnetic particles from channel segments 135 while the matrix material
in channel segments 135 is in a nonmagnetic (or only weakly magnetic) state. Jump
magnets 160, discussed above, operate to assist the flushing of magnetic particles from
channel segments 135 in zones 178 by causing the matrix material to be jolted, preferably
within, or just prior to a point where flush water is passing through channel segments
135. Delivery of water into channel segments 135 in zones 175 and/or 178 can be
accomplished, for example, by utilizing one or a plurality of water delivery systems (not
shown), which can be configured in a wide variety of manners as would occur to a person
skilled in the art. For example, water delivery systems can be in the form of one or more
manifold holding tanks (also referred to as distributors) positioned above rotor 105 and
mounted to the fixed separator frame, which have a plurality of outlets connected to a
plurality of water conduits for delivering a flow of water into channels 133 at fixed
locations as channel segments 135 rotate through zones 175 and/or 178. Alternatively,
water delivery systems can be in the form of hoses and nozzles that are supplied with
water at a desired pressure using conventional plumbing apparatus, and which deliver
water into channels 133 at fixed locations as channel segments 135 rotate through zones

175 and/or 178. In theory, after a given channel segment 135 moves from flush zones
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178 and into a subsequent magnetic zone 140, no portion of the treatment slurry remains
in the channel segment 135 at that point.

As will also be appreciated by a person skilled in the art, magnetic separator 100
also includes launders (not shown) positioned below rotor 105 in an arrangement
whereby a fraction of the treatment slurry that passes through a magnetic zone is
collected in one or more launders positioned beneath permanent magnet sets 140 as a
tailings fraction, and a fraction of the treatment slurry that is washed from channel
segments 135 beneath nonmagnetic zones 178 is collected in one or more launders
positioned beneath nonmagnetic zones 178 as a concentrate fraction. The concentrate
fraction has a higher content of magnetic particles than the treatment slurry, and can be
stored, shipped, sold as a commodity or further concentrated in subsequent separation
operations. The tailings fraction has a lower content of magnetic particles than the
treatment slurry, and can be discarded, sold as a commodity or passed through further
separation operations to scavenge remaining magnetic particles therefrom.

Launders can have a wide variety of configurations as would occur to a person
skilled in the art. For example, circular launders can be provided beneath, and having
similar dimensions to, each of channels 133. Launders of this type include dividing walls
positioned near the leading edge of each of magnetic zones and near the trailing edge of
cach of magnetic zones 140, relative to the rotation of rotor 105. Because magnetic
separator 100 includes nine magnetic zones 140 and nine nonmagnetic zones 179, this
arrangement separates each circular launder into eighteen launder sections. Each launder
section can have a hopper-style floor slanting toward a launder outlet, to which a hose or
other conduit can be attached for transporting the fraction collected in each individual
launder to an appropriate receptacle, such as, for example, a sump or a slurry distributor.

Alternatively, in some embodiments, there is no need to separate the respective
fractions individually, and therefore radially positioned launders can be provided that
collect the tailings fractions from all six channels in a given sector of the separator into a
single tailings launder, and collect the concentrate fractions from all six channels in a
given sector of the separator into a single concentrate launder. Given that there are nine
sectors in magnetic separator 100, in an embodiment utilizing radially positioned

launders, separator 100 would include nine tailings launders beneath, and having
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dimensions generally corresponding to, the dimensions of each of magnetic zones 140,
and would include nine concentrate launders beneath, and having dimensions generally
corresponding to, the dimensions of each of nonmagnetic zones 178. As with the circular
launders described in the preceding paragraph, the radially oriented launders of this
embodiment can have a hopper-style floor slanting toward a launder outlet, to which a
hose or other conduit can be attached for delivering the fraction collected in each
individual launder to be transported to an appropriate receptacle, such as, for example, a
sump or a slurry distributor.

Because magnetic separator 100 includes nine sectors, each including a magnetic
zone 140 and a nonmagnetic zone 178, the individual sectors of separator 100 can
optionally be used to conduct different separation operations, such as, for example,
separations referred to as rougher separations, finisher separations, cleaner separations
and scavenger separations. The term “rougher” is used herein to refer to a separation
process applied to a treatment slurry starting material; the term “finisher” is used to refer
to an optional intermediate stage of separation applied to a first concentrate fraction
obtained from a rougher separation stage to further concentrate the magnetic particles in
the first concentrate fraction; the term “cleaner” is used to refer to a final separation
applied to a concentrate fraction, either from a rougher stage or from a cleaner stage,
depending upon the process design being employed, which produced a final concentrate
product; and the term “scavenger” is used to refer to an optional separation applied to a
tailings fraction from the rougher stage, and is used to scavenge magnetic particles that
may have found their way into the rougher tailings. As will be appreciate by a person
skilled in the art, separator 100 can be used to perform a plurality of these functions on a
single turntable by simply arranging launders and material feed systems to pass selected
fractions back through the separator in different magnetic zones 140, thereby using
different sectors for different separation operations.

For example, in an embodiment in which rougher, cleaner and scavenger
operations are desired, separator 100 can be set up to deliver the treatment slurry to three
of the nine magnetic zones 140, thereby using three sectors of separator 100 as a rougher
separation phase, below which a first concentrate fraction and a first tailings fraction can

be collected in launders as described above. The first concentrate fraction (also referred
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to as a rougher concentrate fraction) can be transported to a position above rotor 105, and
delivered to a second set of three magnetic zones 140, thereby using three separation
sectors in a cleaner operation. Below these three separation sectors, a second concentrate
fraction (also referred to as a cleaner concentrate fraction) and a second tailings fraction
(also referred to as a cleaner tailings fraction) can be collected in launders as described
above. The second concentrate fraction is a final product of the separation. The second
tailings fraction can be discarded, or can optionally be mixed into the treatment slurry
and recycled to the rougher phase for further treatment. The first tailings fraction
(collected beneath the portion of rotor 105 being used for the rougher separation, also
referred to as a rougher tailings fraction) can be transported to a position above rotor 105
and delivered to a third set of three magnetic zones 140, thereby using three separation
sectors in a scavenger operation. Below these three separation sectors, a third
concentrate fraction (also referred to as a scavenger concentrate fraction) and a third
tailings fraction (also referred to as a scavenger tailings fraction) can be collected in
launders. The third concentrate fraction can be combined with the second concentrate
fraction as a final product of the separation, or can optionally be mixed with the treatment
slurry and recycled to the rougher phase for further treatment. The third tailings fraction
can be discarded, or sold as a commodity.

In another embodiment, magnetic separator is used in a process that includes
rougher, finisher and cleaner operations, but no scavenger operation. In this embodiment,
separator 100 can be set up to pass the treatment slurry through three of the nine
separation sectors of separator 100 as a rougher separation phase, below which a first
concentrate fraction and a first tailings fraction can be collected in launders as described
above. The first concentrate fraction can be transported to a position above rotor 105,
and passed through a second set of three separation sectors in a finisher operation. Below
these three separation sectors, a second concentrate fraction and a second tailings fraction
are collected in launders. The second concentrate fraction is transported to a position
above rotor 105 and passed through a third set of three separation sectors in a cleaner
operation. Below these three separation sectors, a third concentrate fraction and a third
tailings fraction are collected in launders. The third concentrate fraction is a final product

of the separation. In this embodiment, the first tailings fraction is removed from the
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process to be discarded or sold as a commodity. The second tailings fraction can likewise
be discarded or sold as a commodity, or can optionally be mixed into the treatment slurry
and recycled to the rougher phase for further treatment. The third tailings fraction
(collected beneath the portion of rotor 105 being used for the cleaner separation) can be
mixed into the treatment slurry and recycled to the rougher phase for further treatment, or
can optionally be sold as a commodity.

It is to be understood that the above process can be modified or adjusted in a wide
variety of ways as would occur to a person skilled in the art, including, for example,
utilizing more or fewer than three of separation sectors for the rougher, cleaner and/or
scavenger operations. As further examples, magnetic separator 100 can be set up to
include more or fewer separation sectors, to provide a stronger magnetic field in one or
more of the separation sectors and/or to lengthen or shorten the arc length of one or more
of the separation sectors or the magnetic zones 140 or nonmagnetic zones 178 therein. In
addition, rather than using different sectors for different separation operations, by
appropriately arranging slurry delivery conduits and launders, a person skilled in the art
can readily set up separator 100 to employ different ones of channels 133 for different
separation operations. By way of example only, separator 100 can be set up to employ
the two outer channels 133 (i.e., the two channels passing between magnetic members
144 and 146 and between magnetic members 146 and 147 of sets 140) for a rougher
separation operation, the two middle channels 133 for a cleaner separation operation and
the two inner channels 133 for a scavenger separation operation. As will be appreciated
by a person skilled in the art, this is but one example, of the many ways separator 00 can
be employed to carry out multiple different separation operations.

In another embodiment, different separation operations (i.e., rougher, finisher,
cleaner and/or scavenger) can be achieved in separation sectors of different turntables.
With reference to Figs. 8-11, magnetic separator 200 includes two rotors 205, 205’
mounted in different horizontal planes (with rotor 205 above rotor 205”) about a common
vertical axis on fixed separator frame 201, each rotor having associated therewith a
plurality of sets of permanent magnet members 240, 240°. Each rotor 205, 205°, together
with its associated sets of permanent magnet members 240, 240’ is configured generally

as described above in connection with magnetic separator 100. While separator 200
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includes two turntables, it is to be understood that the present application also
contemplates embodiments including more than two turntables.

For the sake of clarity, it is noted that the direction of rotation R’ of rotors 205,
205’ in Figs. 8-11 is opposite the direction of rotation R of rotor 104 in magnetic
separator 100, and thus, jump magnets 260, 260’ in separator 200 are positioned on the
opposite sides of magnetic members 241, 241°, 242, 242’ 243,243, 244, 244°, 245, 245,
246, 246°, 247, 247’ than on magnetic members 141, 142, 143, 144, 145, 146, 147 of
separator 100. While rotors 205, 205’ of separator 200 are mounted about a common
vertical axis, it is to be understood that this orientation is not required, and that the rotors
can be positioned about different vertical axes. For example, the rotors can be positioned
in a side by side relationship in a common horizontal plane. Alternatively, the rotors can
be positioned to rotate about different vertical axes in two different horizontal planes. In
such a vertically offset arrangement, the rotors can be positioned at elevations such that
gravity flow of slurry from one rotor to another can be achieved by positioning the rotors
in different horizontal planes.

Rotor 205 includes structural rotor frame 210 and six annular troughs 221, 222,
223,224,225, 226. Structural rotor frame 210 comprises inner support frame component
212, outer support frame component 214 and multiple radial support frame components
216 rigidly connected to inner support frame component 212 and outer support frame
component 214. Annular troughs 221, 222, 223, 224, 225, 226 are spaced apart from one
another in concentric rings, are mounted on and carried by structural rotor frame 210, and
define channels for passage of a treatment slurry therethrough as described further
hereinbelow. Each of inner support frame component 212 and outer support frame
component 214 is supported by rotatable carriage wheels (not shown), which are in turn
mounted on fixed separator frame 201. In operation of magnetic separator 200, rotor
205 is caused to rotate in the direction indicated by arrow R’ at a generally constant rate
by a driver (not shown).

Magnetic separator 200 also includes nine sets 240 of permanent magnet
members, each of sets 240 including multiple curved permanent magnet members 241,
242,243, 244, 245, 246, 247 in spaced apart relationship to define a generally constant
annular space therebetween. Curved magnet members 241, 242, 243, 244, 245, 246, 247

24



10

15

20

25

30

WO 2011/053640 PCT/US2010/054268

are mounted on a portion of fixed separator frame 201 above rotor 205, and are held in
fixed positions as rotor 205 rotates. Each of curved magnet members 241, 242, 243, 244,
245, 246, 247 is positioned such that the annular space between adjacent ones of magnet
members 241, 242, 243, 244, 245, 246, 247 provides a pathway for passage of one of
troughs 221, 222, 223, 224, 225, 226 as rotor 205 turns. More specifically, in each
permanent magnet set 240, magnet members 241 and 242 are positioned such that trough
221 passes therebetween as rotor 205 turns. Similarly, magnet members 242 and 243 are
positioned such that trough 222 passes therebetween as rotor 205 turns, magnet members
243 and 244 are positioned such that trough 223 passes therebetween as rotor 205 turns,
magnet members 244 and 245 are positioned such that trough 224 passes therebetween as
rotor 205 turns, magnet members 245 and 246 are positioned such that trough 225 passes
therebetween as rotor 205 turns, and magnet members 246 and 247 are positioned such
that trough 226 passes therebetween as rotor 205 turns.

Troughs 221, 222, 223, 224, 225, 226, like troughs 121, 122, 123, 124, 125, 126,
can be assembled on rotor 205 using a plurality of component 130, which defines channel
133, and also defines channel sections 135 (if separating walls 134 are included).

Rotor 205’ is positioned below rotor 205. Rotor 205’ includes structural rotor
frame 210’ and six annular troughs 221°, 222°, 2237, 224°, 225, 226’. Structural rotor
frame 210” comprises inner support frame component 212°, outer support frame
component 214’ and multiple radial support frame components 216’ rigidly connected to
inner support frame component 212” and outer support frame component 214°. Annular
troughs 221°, 222°, 2237, 224°, 225°, 226’ are spaced apart from one another in
concentric rings, are mounted on and carried by structural rotor frame 210°, and define
channels for passage of a treatment slurry therethrough as described further hereinbelow.
Each of inner support frame component 212’ and outer support frame component 214’ is
supported by rotatable carriage wheels (not shown), which are in turn mounted on fixed
separator frame 201. In operation of magnetic separator 200, rotor 205 is caused to
rotate in the direction indicated by arrow R’ at a generally constant rate by a driver (not
shown).

Magnetic separator 200 also includes nine sets 240° of permanent magnet

members, each of sets 240’ including multiple curved permanent magnet members 241°,
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242°,243°,244°,245°, 246’, 247’ in spaced apart relationship to define a generally
constant annular space therebetween. Curved magnet members 241°, 242°, 243°, 244°,
245°,246°, 247’ are mounted on a portion of fixed separator frame 201 above rotor 205,
and are held in fixed positions as rotor 205’ rotates. Each of curved magnet members
241°,242°,243°,244°, 245°, 246, 247’ is positioned such that the annular space between
adjacent ones of magnet members 241°, 242°, 243°, 244°, 245°, 246°, 247’ provides a
pathway for passage of one of troughs 221°, 222°, 223°, 224, 225°, 226’ as rotor 205’
turns. More specifically, in each permanent magnet set 240°, magnet members 241° and
242’ are positioned such that trough 221 passes therebetween as rotor 205 turns.
Similarly, magnet members 242 and 243’ are positioned such that trough 222’ passes
therebetween as rotor 205 turns, magnet members 243’ and 244’ are positioned such that
trough 223’ passes therebetween as rotor 205’ turns, magnet members 244” and 245’ are
positioned such that trough 224’ passes therebetween as rotor 205’ turns, magnet
members 245 and 246’ are positioned such that trough 225° passes therebetween as rotor
205’ turns, and magnet members 246’ and 247’ are positioned such that trough 226’
passes therebetween as rotor 205’ turns.

Troughs 221°, 2227, 223, 224°, 225, 226, like troughs 121, 122, 123, 124, 125,
126, can be assembled on rotor 205’ using a plurality of component 130, which defines
channel 133, and also defines channel sections 135 (if separating walls 134 are included).

In operation of magnetic separator 200, channel sections 135 (or channel 133
generally if separating walls 134 are omitted) defined by troughs 221, 222, 223, 224, 225,
226 and troughs 221°, 2227, 223°, 224°,225°, 226’ contain a matrix material (not shown)
as described above in connection with magnetic separator 100. It is understood that,
where the matrix material selected for use in a given operation is a discreet object matrix,
component 130 includes separating walls 134, and also includes a foraminous floor (not
shown) that is effective to permit passage of the treatment or a fraction thereof through
channel 133 without significant impedance, but that retains the discreet object matrix in
channel 133.

In operation of magnetic separator 200, while each of rotors 205, 205’ is rotated at
a generally constant rate, a flow of treatment slurry is introduced into channel segments

135 of troughs 221, 222, 223, 224, 225, 226 of rotor 205 at a plurality of locations within
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one or more magnetic zones defined by magnet members 241, 242, 243, 244, 245, 246,
247. With rotor 205 turning in direction R’, a flow of treatment slurry is preferably
directed into channels 133 in inflow zones represented by reference numeral 270.
Delivery of treatment slurry into channels 133 in inflow zones 270 can be accomplished,
for example, by utilizing one or a plurality of treatment slurry delivery stations, which
can be configured in a wide variety of manners as would occur to a person skilled in the
art. For example, treatment slurry delivery stations can be in the form of one or more
manifold holding tanks 272 (also referred to as distributors 272) positioned above rotor
205 and mounted on fixed separator frame 201, which have a plurality of outlets
connected to a plurality of treatment fluid conduits (not shown) for delivering a flow of
treatment slurry into fixed locations as channels 133 rotate through inflow zones 270. In
one embodiment, each of the three distributors 272 is an 18-port distributor, thereby
feeding treatment slurry into fifty-four hoses or other conduits (not shown). Because
rotor 205 includes six circular channels 133, and each circular channel at any given time
includes a portion within each of nine different magnetic zones, it is seen that delivery of
treatment slurry into each channel within each of inflow zones 270 requires fifty-four
separate treatment slurry delivery conduits. Thus, by utilizing three eighteen-port
treatment slurry distributor 272, treatment slurry can be delivered into each of the fifty-
four channel locations positioned within inflow zones 270 through the fifty-four hoses
attached to distributors 272.

Magnetic separator 200 also includes a water delivery system (not shown) for
introducing a flow of water through channels 133 at various positions. For example, a
flow of rinse water can be directed into channels 133 in rinse water zones 275. Each of
zones 275 is within the magnetic zones associated with rotor 205, and a flow of water
through channels 133 in zone 275 can assist with washing nonmagnetic particles from
channels 133 while the matrix material in channels 133 is in a magnetically energized
state, and thus continues to adhere to magnetic particles captured from the treatment
slurry. The water delivery system (not shown) is also preferably configured to introduce
a flow of water through channels 133 in flush water zones 278, which is co-extensive
with the nonmagnetic zone discussed above. While it is understood that some residual

magnetic field may exist in flush zones 278 by virtue of the proximity of magnet
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members 241, 242, 243, 244, 245, 246, 247, zones 278 represent arecas where channel
sections 135 are not straddled by magnet members, and thus represent areas of least
intense magnetic field within channels 133. Thus, zones 278 alternatively can be referred
to as zones of zero or weaker magnetic field, and the present description is to be read in
light of same.

In flush zones 278 the flow of flush water through channel segments 135 is
effective to flush magnetic particles from channel segments 135 while the matrix material
in channel segments 135 is in a nonmagnetic (or only weakly magnetic) state. Jump
magnets 260 operate to assist the flushing of magnetic particles from channel segments
135 in zones 278 by causing the matrix material to be jolted, preferably within, or just
prior to a point where flush water is passing through channel segments 135. Delivery of
water into channel segments 135 in zones 275 and/or 278 can be accomplished, for
example, by utilizing one or a plurality of treatment fluid delivery stations (not shown),
which can be configured in a wide variety of manners as would occur to a person skilled
in the art. For example, water delivery systems can be in the form of one or more
manifold holding tanks (also referred to as distributors) positioned above rotor 205 and
mounted to fixed separator frame 201, which have a plurality of outlets connected to a
plurality of water conduits for delivering a flow of water into channels 133 at fixed
locations as channel segments 135 rotate through zones 275 and/or 278. Alternatively
and more preferentially, water delivery systems can be in the form of pipes, fittings,
valves, hoses and nozzles that are supplied with water at a desired pressure using
conventional plumbing apparatus, and which delivery water into channels 133 at fixed
locations as channel segments 135 rotate through zones 275 and/or 278.

Magnetic separator 200 also includes launders 280 positioned below rotor 205 in
an arrangement whereby a fraction of the treatment slurry that passes through a magnetic
zone associated with rotor 205 is collected in launders positioned beneath permanent
magnet sets 240 as a first tailings fraction, and a fraction of the treatment slurry that is
washed from channels 133 beneath nonmagnetic zone 278 is collected in launders
positioned beneath the nonmagnetic zone 278 as a first concentrate fraction.

Rotor 205’ also turns in direction R’. One or both of the first tailings fraction and

the first concentrate fraction is directed into channels 133 of rotor 205’ in predetermined

28



10

15

20

25

30

WO 2011/053640 PCT/US2010/054268

ones of inflow zones 270°. Delivery of first tailings fraction and/or first concentrate
fraction into channels 133 in inflow zones 270° can be accomplished, for example, by
utilizing hoses or other conduits (not shown) attached to launders 280 to pass the first
tailings fraction and/or first concentrate fraction collected beneath rotor 205 from
launders 280 to predetermined ones of channels 133 in zones 270 through the conduits.
Flow of the first tailings fraction and/or the first concentrate fraction can be achieved by
gravity flow, or can be assisted by one or more pumps (not shown). Alternatively,
delivery stations in the form of one or more splitter tanks or distributors positioned above
rotor 205’ and mounted on fixed separator frame 201 can be used with a plurality of
outlets connected to a plurality of conduits for delivering a flow of first tailings fraction
and/or first concentrate fraction into fixed locations as channels 133 rotate through inflow
zones 270°. A variety of alternative slurry handling systems could be used as would
occur to a person skilled in the art.

Magnetic separator 200 also includes a water delivery system (not shown) for
introducing a flow of water into channels 133 of rotor 205’ at various positions. For
example, a flow of rinse water can be directed into channels 133 in rinse water zones
275°. Each of zones 275’ is within the magnetic zones associated with rotor 205°, and a
flow of water through channels 133 in zone 275’ can assist with washing nonmagnetic
particles from channels 133 while the matrix material in channels 133 is in a magnetically
energized state, and thus continues to adhere to magnetic particles captured from the
treatment slurry. The water delivery system is also preferably configured to introduce a
flow of water through channels 133 in flush water zones 278’, which is co-extensive with
the nonmagnetic zone discussed above. While it is understood that some residual
magnetic field may exist in flush zones 278’ by virtue of the proximity of magnet
members 241°, 242, 243°, 244°, 245°, 246°, 247°, zones 278’ represent arcas where
channel sections 135 are not straddled by magnet members, and thus represent areas of
least intense magnetic field within channels 133. Thus, zones 278’ alternatively can be
referred to as zones of zero or weaker magnetic field, and the present description is to be
read in light of same.

In flush zones 278’ the flow of flush water through channel segments 135 is

effective to flush magnetic particles from channel segments 135 while the matrix material
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in channel segments 135 is in a nonmagnetic (or only weakly magnetic) state. Jump
magnets 260’ operate to assist the flushing of magnetic particles from channel segments
135 in zones 278’ by causing the matrix material to be jolted, preferably while flush
water is passing through channel segments 135. Delivery of water into channel segments
135 in zones 275’ and/or 278’ can be accomplished, for example, by utilizing one or a
plurality of treatment fluid delivery stations (not shown), which can be configured in a
wide variety of manners as would occur to a person skilled in the art. For example, water
delivery systems can be in the form of one or more manifold holding tanks (also referred
to as distributors) positioned above rotor 205’ and mounted to fixed separator frame 201,
which have a plurality of outlets connected to a plurality of water conduits for delivering
a flow of water into channels 133 at fixed locations as channel segments 135 rotate
through zones 275 and/or 278°. Alternatively and preferentially, water delivery systems
can be in the form of pipes, valves, fittings, hoses and nozzles that are supplied with
water at a desired pressure using conventional plumbing apparatus, and which delivery
water into channels at fixed locations as channel segments 135 rotate through zones 275’
and/or 278’.

Magnetic separator 200 also includes launders 280’ positioned below rotor 205’
in an arrangement whereby a fraction of the treatment slurry that passes through a
magnetic zone associated with rotor 205, is collected in a launder positioned beneath
permanent magnet sets 240’ as a further tailings fraction, and a fraction of the treatment
slurry that is washed from channels 133 beneath nonmagnetic zone 278’ is collected in a
launder positioned beneath the nonmagnetic zone 278’ as a further concentrate fraction.
The further tailings fractions and further concentrate fractions can then be transported
from launders 280’ into respective sumps 290’ by gravity flow through chutes 285’ as
further discussed below.

In one manner of using magnetic separator 200, passage of the treatment slurry
through rotor 205 is referred to as a rough separation stage, or “rougher” stage. The
underlying rotor 205’ is then used for one or more further separation stages referred to as
a “cleaner” stage, a “scavenger” stage” or a “finisher stage,” depending upon the
separation process to be employed. The uses of rotor 205 in these different manners can

be achieved simply by controlling the flow paths of the first tailings fraction and the first
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concentrate fraction recovered below rotor 205. For example, in one manner of using
separator 200, separator 200 is used in a process in which both the first concentrate
fraction and the first tailings fraction collected from the rougher stage (i.e., collected
below rotor 205) are passed through different portions of rotor 205°, referred to herein as
a cleaner portion of rotor 205” and a scavenger portion of rotor 205°, respectively. This
process is depicted in the flow diagram set forth in Fig. 12. In this process, an individual
particle in the treatment slurry must be separated into a concentrate fraction in two
successive separation steps in order to be passed into a final concentrate product, and an
individual particle in the treatment slurry must be separated into a tailings fraction in two
successive separation steps in order to be passed into a final tailings product. More
particularly, in Fig. 12, treatment slurry 305 is delivered to sump 310, from which it is
pumped to distributor 272 using pump 315. From distributor 272, the treatment slurry is
pumped through multiple hoses or other conduits into channels 133 of rotor 205, as
represented schematically in Fig. 12 by arrows 320.

The first concentrate fraction collected below rotor 205, as represented
schematically in Fig. 12 by arrows 325, is delivered into one or more of channels 133 of
rotor 205’ in one or more of zones 270’ to achieve a cleaner separation operation. As
described above in connection with separator 100, the cleaner operation can be achieved
in certain sectors of rotor 205’ (i.e., using four or five of the nine sectors of rotor 205°), or
can alternatively be achieved using certain channels 133 of rotor 205" around the entire
360° of the selected channels 133 (i.e., using three of the six channels of rotor 2057).

The first tailings fraction collected below rotor 2035, as represented schematically
in Fig. 12 by arrows 330, is delivered into one or more of the channels 133 of rotor 205’
at locations in zones 270’ that are not used for the cleaner operation described in the
preceding paragraph, to achieve a scavenger separation operation. If the cleaner
operation is achieved in certain sectors (i.c., magnetic zones) of rotor 205°, then the
scavenger operation is achieved in the remaining sectors. Alternatively, if the cleaner
operation is achieved in certain channels 133 of rotor 205’ around the entire 360° of the
selected channels 133, then the scavenger operation is achieved in the remaining channels

133.
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The cleaner operation separates the first concentrate fraction 325 into a second
concentrate fraction 335 and a second tailings fraction 340. Because the first concentrate
fraction 325 entering cleaner sectors of rotor 205 is of relatively high magnetic content,
even the second tailings fraction 340 (also referred to herein as the cleaner tailings
fraction) includes a relatively high concentration of magnetic material. Thus, the second
tailings fraction 340, being of too high an iron concentration to reject, is transported by
launders 341 to sump 310, where it is combined with treatment slurry 305 and recycled
back through the separator, thereby forming a circulating load to optimize product
recovery and grade. The scavenger operation separates the first tailings fraction 330 into
a third concentrate fraction 350 and a third tailings fraction 355. Third concentrate
fraction 350 is transported by launders 341 to sump 310, where it is mixed with treatment
slurry 305 and recycled back through the separator. Third tailings fraction 355 is
transported by launders 356 to sump 360 as a final tailings product.

Second concentrate fraction 335 is transported by launders 336 to sump 345 as a
final concentrate product. Second concentrate fraction 335 includes a solid mineral
product highly concentrated with respect to iron that can optionally be dewatered and
deslimed in a spiral classifier and then stockpiled for optional additional de-watering, for
example, by both gravity drainage of entrained water and air drying by evaporation prior
to shipment to customers. Alternatively, the wet iron concentrate produced by the spiral
classifier can be dried using a dewatering screen after or in place of the spiral classifier,
or alternatively a cyclone/dewatering screen combination can replace or follow the spiral
classifier. In alternative embodiments, one or more of the following devices can be used
in series or in combination or alone: a spiral classifier, a cyclone, a dewatering screen, a
drainage pile, a building over a lay down pad; optionally followed by vacuum filtration
and/or thermal drying that causes additional evaporation or vaporization of the water
within the iron concentrate by exposing it to electrical radiant energy or air heated by
combustion of fossil fuels or air heated by electricity. Alternatively, the product can be
dried using microwave driers. A dry iron concentrate product can then be bagged for sale
or transport, or can alternatively be sold or otherwise transported in bulk. The iron

concentrate can be used in a variety of commercially useful ways, such as, for example,
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as an iron source in a nugget plant, as a concrete or drilling weighting agent or as a
coloring agent, such as, for example, as a pigment for asphalt or glass manufacturing.

The final iron concentrate product produced by the above-described processes can
alternatively be formed into agglomerates, such as, for example, agglomerates having the
form of briquettes, pellets or compacts. These can be formed, for example, using
briquetters, pelletizing drums or disks, or presses. The production of agglomerate is
contemplated to employ a binder that may include hydrated lime otherwise known as
calcium hydroxide, calcined lime (CaO) otherwise known as active lime, the same forms
of lime as aforementioned except rather than being made from limestone only, those
made from either dolomite or from blends of dolomite and limestone; bentonite, and
organic binders including organic polymers, wheat starch, gluten, corn starch, or blends
thereof. These agglomerates facilitate the shipment and handling of the product and
allow it to be easily shipped to distant customers and used by a wider variety of iron
making customer facilities.

As another alternative, second concentrate fraction 335 can be passed through a wet
fine screen device to separate the product into size fractions desired by a customer, such as,
for example, sinter feed which has no more than 15% by weight passing 150 mesh (105
microns) or pelletizing feed which has at least 80% smaller than 150 mesh (105 microns).
Additional possible uses of the undersize material passing the fine screen include as a
drilling fluid weighting agent or other weighting agent, and for the chemical manufacture of
ferric sulfate water treatment anticoagulants. Following these size classification steps, the
mineral slurry is pumped to dewatering/desliming steps including one or more of the
following unit processes employed individually or in combination: spiral classifiers, hydro-
cyclones, dewatering screens, drain pads, vacuum filters, vacuum presses, thermal driers as
described above.

Alternatively, separator 200 can be used in a process in which the first tailings
fraction collected from the rougher stage (i.c., collected below rotor 205) is discarded as a
final tailings product, and only the first concentrate fraction collected from the rougher
stage (i.e., collected below rotor 205) is passed through a portion of rotor 205°, referred
to herein as a finisher portion of rotor 205°. In this process, depicted in the flow diagram

set forth in Fig. 13, rotor 205 also includes a cleaner portion. An individual particle in
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the treatment slurry must be separated into a concentrate fraction in three successive
separation steps in order to be passed into a final concentrate product. An individual
particle in the treatment slurry that passes into the first concentrate fraction collected
from the rougher stage must thereafter be separated into a tailings fraction in two
successive separation steps in order to be passed into a final tailings product. More
particularly, in Fig. 13, treatment slurry 405 is delivered to sump 410, from which it is
pumped to distributor 272 using pump 415. From distributor 272, the treatment slurry is
passed through multiple hoses or other conduits into channels 133 of rotor 205, as
represented schematically in Fig. 12 by arrows 420.

The first concentrate fraction collected below rotor 205, as represented
schematically in Fig. 13 by arrows 425, is delivered into one or more of channels 133 of
rotor 205’ in one or more of zones 270’ to achieve a finisher separation operation. The
finisher operation can be achieved in certain sectors (i.c., magnetic zones) of rotor 205’
(i.e., using four or five of the nine sectors of rotor 205°), or can alternatively be achieved
using certain channels 133 of rotor 205 around the entire 360° of the selected channels
133 (i.c., using three of the six channels of rotor 205°). The first tailings fraction
collected below rotor 205, as represented schematically in Fig. 12 by arrows 430, is
transported by launders 431 to sump 435 as a final tailings product.

The finisher operation separates the first concentrate fraction 425 into a second
concentrate fraction 440 and a second tailings fraction 445. Second tailings fraction 445
is transported by launders 446 to sump 410, where it is mixed with treatment slurry 405
and recycled back through the separator. Second concentrate fraction 440 is transported
by launders 441 to sump 450, from which it is pumped using pump 455 to one or more
multi-port distributors 472. From the one or more distributors 472, fraction 440 is passed
through multiple hoses or other conduits into one or more of the channels 133 of rotor
205’ at locations in zones 270’ that are not used for the finisher operation described in the
preceding paragraph, to achieve a cleaner separation operation. If the finisher operation
is achieved in certain sectors (i.e., magnetic zones) of rotor 205°, then the cleaner
operation is achieved in the remaining sectors. Alternatively, if the finisher operation is
achieved in certain channels 133 of rotor 205’ around the entire 360° of the selected

channels 133, then the cleaner operation is achieved in the remaining channels 133.
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The cleaner operation separates the second concentrate fraction 440 into a third
concentrate fraction 460 and a third tailings fraction 465. Third concentrate fraction 460
is transported by launders 461 to sump 470 as a final concentrate product. Third tailings
fraction 465 is transported by launders 446 to sump 410, where it is mixed with treatment
slurry 405 and recycled back through the separator.

In both of the above processes, the final concentrate product has a higher content
of magnetic particles than the treatment slurry, and can be stored, shipped or sold as a
commodity. The final tailings product has a lower content of magnetic particles than the
treatment slurry, and can be discarded or sold as a commodity.

In yet another embodiment magnetic separator (not shown), the general
arrangement of rotors and magnets is provided as described above in connection with
magnetic separator 200; however, the treatment slurry flowpaths, the launders and the
various flowpaths for tailings fractions and concentrate fractions are modified such that
the lower turntable (i.e., rotor 205°) is used for the rougher separation stage and the upper
turntable (i.e., rotor 205) is used for the cleaner, finisher and/or scavenger separation
stages. One advantage of this arrangement is that any spillage of treatment slurry in the
rougher separation stage does not contaminate concentrate fractions from the cleaner or
finisher stages. Fig. 14 is a flow diagram depicting a process embodiment of this type in
which the flow paths for the treatment slurry and various flow paths are shown. Another
embodiment is to use the lower turntable (i.e., rotor 205”) for both the rougher separation
stage and the scavenger stage and to use the upper turntable (i.e. rotor 205) for the cleaner
and finisher separation stages. Yet another embodiment is to use three or more levels of
rotors. For example, in one embodiment that includes four rotors, the upper stage is used
for cleaner, the second from the top rotor is used for finisher separation, the third from
the top rotor is used for rougher operation and the bottom rotor is used for scavenging.
Additional levels of rotors can be employed if additional stages of separation are desired.

As will be appreciated by a person of ordinary skill in the art in view of the above
descriptions, the transport of a slurry between rotors as described above can be achieved
by gravity flow, by pumping or by a combination of gravity flow and pumping with the
ratio of each determined by the physical arrangement of the equipment. For example,

when multiple turntables are arranged in stacked form with the upper turntable using for
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the rougher separation phase, transport of a slurry from the rougher turntable to a
cleaner/finisher/scavenger turntable can be achieved using gravity flow, and the transport
of fractions from beneath the cleaner/finisher/scavenger turntable can be transported to
ground-level sumps by gravity flow. In other embodiments, such as, for example, an
embodiment in which the rougher turntable is positioned below a
cleaner/finisher/scavenger turntable, or where the two turntables are positioned generally
in a side by side arrangement, a slurry is transported from one turntable to another
primarily using pumps, and rely less on gravity flow. It is understood by a person of
ordinary skill in the art that a system can include a variety of physical arrangements to
move slurry from one unit step of the process to the next, depending upon the available
resources and the physical environment in which the system is to be assembled.

The devices, systems and processes described herein can be employed together with
other mineral processing unit operations including, but not limited to, some or all of the
following: tramp screens, wet screens, hydro-cyclones, desliming hydro-separators, other
high intensity magnetic separators, low intensity magnetic separators, low intensity cleaner
magnetic separators, wet fine screening, hydro-cyclones, spiral classifiers, vibratory
dewatering screens, dredges, pumps, pipelines, sumps, slurry tanks, vacuum filters, ball
mills, high pressure roll presses, thickeners, hydrometallurgical flotation cells, and
conveyors. A process for treating a mineral assemblage can include, for example, providing
a slurry including a mixture of magnetic and nonmagnetic particles suspended in water;
passing the slurry through a plurality of treatment phases, and modifying the solid to liquid
ratio of the slurry by adding water to the slurry or removing water from the slurry (also
referred to herein as “dewatering”) before, during or after any one of the treatment phases.
The treatment phases can include, for example, a particle size separation phase, a low
intensity magnetic separation phase, other high intensity magnetic separation phases or the
like. Size screening phases, grinding phases, dewatering phases and the like, or recycling of
various flow streams to pass a concentrate fraction or tailings fraction through a magnetic
separator one or more additional times, can be employed to improve separation results
where appropriate, for example, to account for varying particle size characteristics of the
slurry, mineral content of the particles and the like. In addition, a final concentrate fraction

produced as described herein can be dewatered and then conveyed to a stockpile for further
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dewatering. Tailings reject material can be pumped to one or more disposal cells or basins.
As will be appreciated by a person of ordinary skill in the art, hydro-cycloning and spiral
classification processes can be utilized to modify the solid to liquid ratio of the slurry by
removing excess water from the slurry. In addition, the solid to liquid ratio of the slurry can
be modified by adding water to the slurry during dredging, pumping, wet screening and
magnetic separation processes.

Reference will now be made to the following examples of laboratory work that has
been performed in connection with the subject matter of this application. It is understood
that no limitation to the scope of the invention is intended thereby. The examples of tests
conducted are provided solely to promote a full understanding of the concepts embodied in

the present application.

EXAMPLES OF LABORATORY TESTING

Laboratory Procedure and Bench Testing Protocol

To construct a bench tester, two sets of five 4”x6”x1” permanent magnets were
prepared by binding five of the magnets together for each magnet set. The magnet sets
were positioned to provide a 4% gap therebetween. The center line magnetic flux
density in the gap was approximately 920 gauss as measured by a standard gauss meter.
A 47x57x12” stainless steel box was placed in the 434 gap and filled with 10 pounds of
carbon grade 1000 balls of predetermined sizes. Figs. 15 and 16 are drawings of the
bench tester, and show the arrangement of the magnet sets and the stainless steel box.

To prepare a treatment fluid for testing, 500 grams of raw tailings feed was placed
in a one inch deep 12 inch diameter steel pan and dried for ten minutes at 250 degrees
Fahrenheit until completely dry. The dried material was then screened at 30 mesh to
remove the oversize particles and produce a minus 30 mesh material fraction (also
referred to herein as “on size material”).

200 grams of on size material was measured out and mixed with 600mL of water
to make slurry, which was swirled to keep the solid material in suspension, and which
was poured into the stainless steel box while the box was positioned in the magnetic zone
of the bench tester. Water was then sprayed into the top of the stainless steel box while

the box was positioned in the magnetic zone to wash out the non magnetic tailings. The

37



10

15

20

25

30

WO 2011/053640 PCT/US2010/054268

material collected below the stainless steel box became the final tailing fraction in modes
where rougher scavenging was not simulated.

The stainless steel box was then taken out of the magnetic zone and the
concentrate was washed out of the box into a bucket to produce the first pass magnetic
save material (rougher stage).

Next, the stainless steel box was placed back in the magnetic zone as depicted in
Figs. 15 and 16, and the first pass concentrate was poured into the box for a second pass
(finisher stage). The same procedure as described above was repeated for washing out
the tailings and concentrate; however, the finisher tailings fraction from this step was
saved. The finisher concentrate was then treated by a third pass through the magnetic
zone to make a final concentrate (cleaner stage). The cleaner tailings fraction from this
step was also saved. The finisher tailings fraction and the cleaner tailings fraction were
combined and treated by a single pass of scavenging to produce a scavenger concentrate.

The scavenger concentrate with the cleaner concentrate were combined to provide
a mixture. The mixture was pressure-filtered and then oven dried and weighed. To
calculate overall weight recovery, total grams of dried total concentrate was divided by
the starting weight of 200 grams of feed material. The total combined concentrate was
then sent to an analytical laboratory for measurement of iron and silica content.

Dozens of tests have been run using the protocol described above, including tests
to determine optimal matrix type. For example, wire mesh matrix has been compared to
matrix comprised of various discrete objects, including steel balls ranging in size from #8
shot up to %2 inch diameter. Other discrete objects such as hex nuts of various sizes were
also tested. Evaluation criteria for best performance included a weight recovery

parameter and a concentrate grade of 64% Fe dry basis or higher.

Experimental Results

The data in Table I is a summary of results using a feed mixture of 45% Fe
content sized at 100% passing 30 mesh and a standard test protocol of three stages of
separation as described above (roughing, finishing, and cleaning with scavenging only of

finisher and cleaner tails—no scavenging of rougher tails).
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Table 1
Matrix Type Tested Wt Recovery (dry basis) Conc. Grade (Fe %)
5/16” size shot 26% 65.6 %
4x4 wire mesh 11% 67.0%
1/4” size shot 33% 64.0%

The data in Table II is a summary of results using a feed mixture of 45% Fe
content sized at 100% passing 30 mesh and a test protocol that included two stages of
separation (roughing and finishing together with scavenging of finisher tails—no

scavenging of rougher tails).

Table 11
Matrix Type Tested Wt Recovery (dryv basis) Conc. Grade (Fe %)
F size shot (.22inch diameter) 37 % 62.6%
1/4” size hex nuts 30 % 62.0 %
4x4 wire meshes 13 % 66.2 %.

Ball Mill Grinding Evaluation

Raw tailings with 48% Fe content were ground in a ball mill for three different
periods of time, as follows: 6 minutes, 10 minutes and 18 minutes. The ground material
was then tested using the protocol described above. The data in Table III is a summary of
test results obtained using two stages of separation plus one stage of scavenging of the

finisher tails as described above:

Table 111
Amount of Grinding Wt Recovery (dry basis)  Conc. Grade (Fe %)
6 minute grind 55 % 64.7 %
10 minute grind 50 % 64.6 %
18 minute grind 44 % 62.6 5.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only the preferred embodiment has been shown and
described and that all changes and modifications that come within the spirit of the invention

are desired to be protected.
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What is claimed is:

1. A high intensity magnetic separation device for separating a treatment slurry
including magnetic particles and nonmagnetic particles suspended in water into a
concentrate fraction and a tailings fraction, said device comprising:

a first generally horizontal rotor rotatable about a first generally vertical axis, said
first rotor defining a first circular channel rotatable about the first axis, said first channel
defining a flow path through said first rotor and containing a matrix material therein,
wherein the first channel is configured to allow passage of a downwardly moving fluid
stream therethrough in contact with the matrix material;

a first rigid support frame operable to support said first rotor;

a first driver mounted to said first support frame, said first driver operable to rotate
said first rotor at a generally constant rate;

a first plurality of permanent magnet members fixedly attached to said first support
frame, the first permanent magnet members positioned to straddle said first channel at a
plurality of locations spaced apart along the circular path of said first channel, the first
magnet members effective to apply magnetic fields across a plurality of portions of said path
where said first channel is straddled by the first permanent magnet members, said portions
defining a plurality of magnetic zones, said magnetic zones being separated along said
circular path by nonmagnetic zones, thereby providing a repeating series of separation zones
and nonmagnetic zones along said circular path;

a first plurality of feed conduits for delivering a treatment slurry into the first channel
at a plurality of input locations, each input location being positioned within one of the
plurality of magnetic zones defined by said first plurality of permanent magnet members;

a first plurality of water delivery conduits for delivering water into the first channel
at a plurality of locations within the magnetic zones and within the nonmagnetic zones
defined by said first plurality of permanent magnet members; and

a first plurality of tailings launders and a first plurality of concentrate launders
positioned beneath said first channel; said first tailings launders positioned beneath said
magnetic zones for receiving a first tailings fraction of the treatment slurry that passes

through the first channel in said magnetic zones; and said first concentrate launders
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positioned beneath said nonmagnetic zones for receiving a first concentrate fraction of the

treatment slurry that passes through the first channel in said nonmagnetic zones.

2. The device in accordance with claim 1 wherein said first rotor further
comprises a foraminous channel floor operable to allow passage of the first tailings fraction
therethrough as the first tailings fraction exits said first channel, and wherein said matrix
material comprises a plurality of discreet magnetically susceptible objects sized to be

retained in said first channel by said channel floor.

3. The device in accordance with claim 2 wherein said first rotor further
comprises a plurality of vertical radial separating walls in said first channel, said separating
walls dividing said first channel into a plurality of arc-shaped channel segments, and
wherein at least one of said channel segments contains a plurality of said discreet

magnetically susceptible objects.

4, The device in accordance with claim 3 wherein each of said channel

segments contains a plurality of discreet magnetically susceptible objects.

5. The device in accordance with claim 2 wherein said magnetically susceptible
objects comprise a material selected from the group consisting of steel, iron and an iron

alloy.

6. The device in accordance with claim 5 wherein said magnetically susceptible
objects comprise one or more members selected from the group consisting of shot, hex nuts,
bolts, nails, washers, rod segments, cubes, blocks, cylinders, wire pieces, wire stars and

pieces of wire mesh..
7. The device in accordance with claim 1, further comprising a plurality of jump

magnets positioned adjacent said first channel at a trailing edge of a plurality of said

magnetic zones relative to the rotation of said first rotor.

41



10

15

20

25

30

WO 2011/053640 PCT/US2010/054268

8. The device in accordance with claim 1 wherein said first rotor defines a first
plurality of connected and spaced apart circular channels rotatable about the axis, each of
said first plurality of channels defining a flow path through the first rotor and containing a
matrix material therein, wherein each of said first plurality of channels is configured to
allow passage of a downwardly moving fluid stream in contact with the matrix material

contained therein.

9. The device in accordance with claim 1, further comprising:

a second generally horizontal rotor rotatable about the first axis or a second generally
vertical axis, said second rotor defining a second circular channel rotatable about the first or
second axis, said channel defining a flow path through said second rotor and containing a
matrix material therein, wherein the second channel is configured to allow passage of a
downwardly moving fluid stream in contact with the matrix material;

a second rigid support frame operable to support said second rotor;

a second driver mounted to said second support frame, said second driver operable to
rotate said second rotor at a generally constant rate;

a second plurality of permanent magnet members fixedly attached to said second
support frame, the second permanent magnet members positioned to straddle said second
channel at a plurality of locations spaced apart along the circular path of said second
channel, the second magnet members effective to apply magnetic fields across a plurality of
portions of said path where said second channel is straddled by the second permanent
magnet members, said portions defining a plurality of separations zones, said separation
zones being separated along said circular path by nonmagnetic zones, thereby providing a
repeating series of separation zones and nonmagnetic zones along said circular path;

a second plurality of feed conduits for delivering one or both of the first concentrate
fraction and the first tailings fraction into the second channel at a plurality of input locations,
each input location being positioned within one of the plurality of separation zones of the
second channel defined by said second plurality of permanent magnet members;

a second plurality of water delivery conduits for delivering water into the second
channel at a plurality of locations within the separation zones and within the nonmagnetic

zones defined by said second plurality of permanent magnet members; and
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a second plurality of tailings launders and a second plurality of concentrate launders
positioned beneath said second channel; said second tailings launders positioned beneath
said separation zones for receiving a second tailings fraction that passes through the second
channel in said separation zones; and said second concentrate launders positioned beneath
said nonmagnetic zones for receiving a second concentrate fraction that passes through the

second channel in said nonmagnetic zones.

10.  The device in accordance with claim 9 wherein said second rigid support

frame is integral with said first rigid support frame.

11. The device in accordance with claim 10 wherein both of said first and second

rotors are rotatable about said first axis.

12. The device in accordance with claim 10 wherein said first rotor is positioned

above said second rotor.

13.  The device in accordance with claim 9 wherein at least one of said first and
second rotors further comprises a foraminous channel floor operable to allow passage of a
slurry therethrough as the slurry exits at least one of said first and second channels, and
wherein said matrix material comprises a plurality of discreet magnetically susceptible

objects sized to be retained in said first channel by said floor.

14.  The device in accordance with claim 13 wherein at least one of said first and
second rotors further comprises a plurality of vertical radial separating walls in at least one
of said first and second channels, said separating walls dividing said at least one of said first
and second channels into a plurality of arc-shaped channel segments, and wherein at least
one of said channel segments contains a plurality of said discreet magnetically susceptible

objects.

15. The device in accordance with claim 9 wherein at least one of said first and

second rotors defines a plurality of connected and spaced apart circular channels rotatable
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about the first or second axis, each of said first or second plurality of channels defining a
flow path through the first or second rotor and containing a matrix material therein, wherein
cach of said first or second plurality of channels is configured to allow passage of a

downwardly moving fluid stream in contact with the matrix material contained therein.

16.  The device in accordance with claim 9, further comprising a plurality of jump
magnets positioned adjacent one or both of said first channel and said second channel at a
trailing edge of a plurality of said magnetic zones relative to the rotation of said first rotor or

said second rotor.
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