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1
SEPARATING MINED MATERIAL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a reissue application of U.S. Pat. No.
9,010,543, issued Apr. 2, 2015, based on U.S. patent appli-
cation Ser. No. 13/701,331, filed Jan. 29, 2013, which is a
national phase application based on PCT/AU2011/000691,
filed Jun. 2, 2011, which claims the priority of Australian
Patent Application No. 2010902419, filed Jun. 2, 2010, and
Australian Patent Application No. 2010904387, filed Sep.
30, 2010, the content of all of which is incorporated herein
by reference.

The present invention relates to a method and an appa-
ratus for identifying and separating mined material on a bulk
basis.

The present invention relates particularly, although by no
means exclusively, to a method and an apparatus for iden-
tifying and separating mined material on a bulk basis and
then sorting selected segments of mined material on a
particle basis.

The mined material may be metalliferous or non-metal-
liferous material. Iron-containing and copper-containing
ores are examples of metalliferous materials. Coal is an
example of a non-metalliferous material.

The term “mined material” is understood herein to include
(a) material that is mined and thereafter transferred to be
processed in accordance with the invention and (b) material
that has been mined and then stockpiled and thereafter
transferred to be processed in accordance with the invention.

The present invention relates to mined material from open
cut and underground mines. The following description of the
invention focuses on open cut mining. Nevertheless, the
invention is equally applicable to underground mining.

The present invention relates particularly although by no
means exclusively to a method and an apparatus for sepa-
rating iron ore.

It is known to mine iron ore in large blocks of the ore from
benches. In this conventional mining operation, typically,
the blocks of ore are substantial, for example 40 m long by
20 m deep by 10 m high and contain 8000 tonnes of ore.
Typically, a section of a bench is assayed by chemically
analysing samples of ore taken from a series of drilled holes
in the section to determine whether the ore is (a) high grade,
(b) low grade or (c) waste material on a mass average basis.
The cut-offs between high and low grades and between low
grade and waste material are dependent on a range of factors
and may vary from mine to mine and in different sections of
mines. When the analysis is completed, a blockout plan of
the section is prepared. The plan locates the drilled samples
on a plan map of the section. Regions of (a) high grade, (b)
low grade or (c) waste material are determined by sample
analysis (such as chemical assay and/or mineral/material
type abundances) and are marked on the plan, with marked
boundaries separating different regions. The boundaries are
also selected having regard to other factors, such as geo-
logical factors. The regions define blocks to be subsequently
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mined. The blocks of ore are blasted using explosives and
are picked up from a mine pit and transported from the mine
pit.

The ore is processed inside and outside the mine pit
depending on the grade determination for each block. For
example, waste ore is used as mine fill, low grade ore is
stockpiled or used to blend with high grade ore, and high
grade ore is processed further as required to form a market-
able product. The further processing of high grade ore
ranges from simple crushing and screening to a standard size
range through to processes that beneficiate or upgrade the
iron ore to produce a product of a required customer
specification. The processing may be wet or dry.

A significant proportion of low grade ore can remain as
stockpiled ore. As a consequence, there are large stockpiles
of mined ore that have been classified as low grade ore that
have potentially significant economic value notwithstanding
the low grade of the ore.

Low grade iron ore that has not yet been mined and low
grade ore that has been mined and is in stockpiles are a
potential feed material for producing upgraded ore that
provides additional product tonnage from a mine.

Low grade ore can be closely associated with both high
grade ore and waste material in mines. As is indicated above,
at operating mines, the boundaries between blocks of high
grade ore, low grade ore, and waste material are determined
through the analysis of blast hole samples. The need to
design blockout plans to take into account factors, such as
maximising mining efficiency, means that classification of
the blocks is not confined to the grades of the material in the
blocks. In addition, heave during blasting and geological
factors such as unfavourable dip or folding can lead to
further dilution, i.e. waste material or low grade ore being
incorporated into ore that has been classified as high grade
ore and high grade material lost in ore classified as low grade
or waste. These effects can result in the loss of reserves and
unexpected variability in feed grade.

Low grade iron ore resources, including ore to be mined
and stockpiled ore, can be upgraded using wet concentration
and dry sorting plant flowsheets. The yield of product from
these beneficiation plants is highly dependent upon the feed
grade and liberation characteristics of the ores. The resulting
capital and operating costs for these plants tend to be high
and the costs can limit the use of these flowsheet options.

The above description is not to be taken as an admission
of the common general knowledge in Australia and else-
where.

The present invention provides a method and an apparatus
for identifying and then separating a mined material that
produces upgraded material by a different method and
apparatus to wet concentration and dry sorting plant flow-
sheets known to the applicant that are mentioned above.

The present invention provides a method of separating a
mined material as described herein that comprises:

(a) assessing the grade of successive segments of the

mined material, and

(b) separating each segment on the basis of grade into a

category that is at or above a grade threshold or a
category that is below the grade threshold.

The present invention also provides a method of separat-
ing a mined material as described herein that comprises:

(a) assessing the grade of successive segments of the

mined material, and

(b) separating each segment on the basis of grade into a

category that is at or above a first grade threshold or a
category that is below the first grade threshold.
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The above-described method of separating segments of
mined material is a different method to methods of sorting
mined material that are based on assessing the grade of
individual particles that are known to the applicant.

The term “segment” is understood herein to mean any
bulk amount, i.e. plurality of particles, of a mined material.
There is further discussion of what is meant by the term
“segments” in later sections of the specification.

In this context, the term “particle” is understood in a
broad sense to include, by way of example, any one or more
of large and small rocks, large and small stones, and
particles that can be described as dust. The particles may be
any size that can be processed by the method and the
apparatus.

The method may also comprise a step (c) of dry sorting
particles from at least one segment and producing upgraded
material.

The above-described combination of steps (a), (b), and (c)
is a method of separating mined material on a bulk basis and
then sorting selected segments of the mined material on a
particle basis. This is a different method to methods of
sorting mined material that are based solely on assessing the
grade of individual particles that are known to the applicant.
More particularly, the method is based on a realisation of the
applicant that a combination of bulk and then particle sorting
is an effective method of sorting mined material, particularly
when it is necessary to sort large volumes of mined material
at a high throughput and cost effectively.

The term “dry sorting” is understood herein to any
upgrading process that does not required added moisture for
the purpose of effecting separation.

The term “grade” is understood to herein to mean the
concentration of an element of interest in an ore resource.

Dry sorting step (¢) may comprise dry sorting particles
from at least one segment that is above the first grade
threshold and producing upgraded material that is above a
second grade threshold. This dry sorting step may be appro-
priate, for example, where there are large amounts of low
grade material and smaller amounts of higher grade material
that are suitable for customer specifications and it is not an
effective option, for example on a cost basis and/or a
throughput basis, to dry sort all of the material or the
material below the first grade threshold on a particle basis.
The initial bulk sorting step identifies segments of material
that are likely to have higher grade material and then focuses
the particle-based dry sorting step on these selected seg-
ments and produces upgraded material. The dry sorter
operates to clean the high grade material of material below
the second grade threshold.

The method described in the preceding paragraph may
comprise processing segments that are below the first grade
threshold by processing steps other than dry sorting on a
particle basis, such as by wet concentration steps, and
producing upgraded material.

Dry sorting step (¢) may comprise dry sorting particles
from at least one segment that is below the first grade
threshold and producing upgraded material that is above a
second grade threshold. This dry sorting step may be appro-
priate, for example, where there are large amounts of
medium to high grade material and smaller amounts of low
grade material and it is not an effective option, for example
on a cost basis and/or a throughput basis, to dry sort all of
the material or the material above the first grade threshold on
a particle basis. The initial bulk sorting step identifies
segments of material that are likely to have medium to
higher grade material that are suitable grades for customer
specifications. The method then focuses the particle-based
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dry sorting step on the lower grade segments and produces
upgraded material that, for example, has suitable grades for
customer specifications. The dry sorter scavenges high grade
material from the low grade material.

Dry sorting step (c) may comprise dry sorting particles
from at least one segment that is above the first grade
threshold and separately dry sorting particles from at least
one segment that is below the first grade threshold and, in
each case, producing upgraded material. In each case, the
upgraded material may be above a second grade threshold.

The first and the second grade thresholds may be any
suitable thresholds having regard to relevant factors for the
mined material. The relevant factors may include the min-
eralogy of the mined material, mining costs, separation
(such as dry sorting) costs, and downstream costs, including
processing costs to produce a marketable product from the
mined material that meets customer specifications in terms
of grade and other characteristics such as particle size, and
also including costs to transport that product to customers.

The first threshold grade may be a grade that meets a
customer specification in terms of grade.

The second grade threshold may be higher than the first
grade threshold.

The first and the second grade thresholds may be the same
grade.

The grade assessment of step (a) may be a direct assess-
ment of grade or an indirect grade assessment based on
detected information that provides an indication of grade.

Assessment step (a) may comprise assessing the grade of
successive segments of the mined material as the mined
material is transported along a pathway.

The method may comprise transporting the mined mate-
rial along the pathway on a conveyor belt or other suitable
presentation system to facilitate assessment step (a).

The method may comprise transferring the mined material
onto the conveyor belt and forming a bed of material on the
belt.

The mined material may be material that has been mined
and processed, such as by size reduction, before being
supplied to the method. The mined material may be material
that has been mined in surface (i.e. open cut) or underground
operations. The mined material may be material that has
been mined by drilling and blasting operations or by surface
miners excavating material from a pit floor. The mined
material may be in the form of particles having sizes that
vary depending on the type of mining, the size reduction
steps, the materials handling capabilities of the equipment in
a mine, and the type of material (such as iron ore or another
ore). As indicated above, the term “particles” is understood
herein in a broad sense and includes material that can be
described as any one or more than one of rocks and stones
and dust. The particle size may vary from extremely small
sizes up to large sizes of the order of 2-3 m. The segments
may be any suitable particle size distribution.

The segments of the mined material may be any suitable
amounts of material having regard to relevant factors for the
mined material. The relevant factors may include the type of
the mined material, such as iron ore, copper-containing ore,
etc, and the capacities of the presentation, grade analysis,
and separation systems to carry out the method.

The segments of the mined material may be the same size
or different sizes.

The size of the segments of the mined material may be
determined on the basis of the mass of the segments. For
example, in the case of iron ore, the size of the segments may
be at least 20 tonnes and typically at least 100 tonnes.
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The size of the segments of the mined material may be
determined on the basis of the amount of mined material that
passes an assessment point on the pathway in a given time
period. For example, in the case of iron ore, the time period
may be 30 seconds, with the mined material being moved
past the assessment point at rates up to 2500-3500 tonnes per
hour.

The size of the segments of the mined material may be
determined on the basis of the type of mining equipment
being used to handle the ore. For example, in a situation
where a mine operates on a drill and blast basis and material
is moved by excavators and trucks, the size of the segments
may be determined on the basis of the load capacity of the
excavator that load mined ore into trucks and/or the load
capacity of the trucks. By way of further example, in a
situation where a mine operates on a surface mining basis,
with the miners excavating material from a pit floor and
transferring the material to in-pit conveyors, the size of the
segments may be determined on the basis of the supply
hoppers for the conveyors or on some other basis.

As is indicated above, separation step (b) separates each
segment on the basis of grade into a category that is at or
above the first grade threshold or a category that is below the
first grade threshold. In a most straightforward case, this
involves separating the segments into two categories. How-
ever, the present invention also extends to situations where
separation step (b) separates the segments into three or more
categories.

For example, separation step (b) may separate the seg-
ments into three categories of “high grade” material, “waste”
material and “mixed grade” material, where the high grade
material and the mixed grade material are above the first
grade threshold (on a mass average basis for the segments)
and the waste material is below the first grade threshold.
More particularly, the mixed material is understood herein to
be material that is neither primarily high grade material nor
primarily low grade material but is a mixture of both high
grade material and low grade material. For example, the
mixed grade material may comprise 25-75% by weight high
grade material. In this situation, consistent with the above
description of the options for dry sorting step (c), the method
may comprise separately dry sorting each of the mixed grade
material and the high grade material. The method may also
comprise dry sorting only one of the mixed grade material
and the high grade material. In both cases, the method may
comprise dry sorting the waste material.

Separation step (b) may be a dry sorting step.

The dry sorting step for sorting step (c) and separation
step (b) may use any suitable analytical technique to deter-
mine the basis for sorting particles of material being pro-
cessed in the sorting step.

One suitable analytical technique for the dry sorting step
is dual energy x-ray analysis of particles, as described by
way of example in the above-mentioned International appli-
cation PCT/AU2009/001179 (International publication WO
2010/025528) in the name of the applicant. The International
application describes a method and an apparatus for dual
energy x-ray analysis of a mined material. The term “dual
energy x-ray analysis” is understood herein to mean analysis
that is based on processing data of detected transmitted
x-rays through the full thickness of each particle obtained at
different photon energies. Such processing makes it possible
to minimise the effects of non-compositional factors on the
detected data so that the data provides clearer information on
the composition, type, or form of the material. The disclo-
sure in the specification of the International application is
incorporated herein by cross-reference.
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Other analytical techniques for the dry sorting step
include, by way of example, x-ray fluorescence, radiometric,
electromagnetic, optical, and photometric techniques.

The applicability of any one or more of these (and other)
techniques will depend on factors relating to a particular
mine ore or a section of the mine to be mined.

The mined material may be any suitable material. For
example, the mined material may be material that has been
classified as a high grade ore. In such a situation, the purpose
of'the method is to separate waste material and low grade ore
that dilutes this high grade ore. By way of further example,
the mined material may be material that has been classified
as a low grade ore. In such a situation, the purpose of the
method is to separate high grade ore that has been incorpo-
rated into the low grade ore from the low grade ore.

The mined material may be any suitable type of material.
For example, the mined material may be iron ore or a
copper-containing ore. The mined material may also be a
non-metalliferous material such as coal.

The method may comprise a size reduction step, for
example a crushing step, on the mined material before
transporting the feed material along the pathway.

The present invention also provides an apparatus for
separating a mined material as described herein that com-
prises:

(a) a grade assessment system for assessing the grade of

successive segments of the mined material, and

(b) a separation system for separating each segment on the

basis of grade into a category that is at or above a grade
threshold or a category that is below the grade thresh-
old.

The present invention also provides an apparatus for
separating a mined material as described herein that com-
prises:

(a) a grade assessment system for assessing the grade of

successive segments of the mined material, and

(b) a separation system for separating each segment on the

basis of grade into a category that is at or above a first
grade threshold or a category that is below the first
grade threshold.

The apparatus may also comprise a dry sorter for dry
sorting particles from at least one segment that is above the
first grade threshold and producing upgraded material.

The dry sorter may be capable of producing upgraded
material that is above a second grade threshold.

The apparatus may comprise a conveyor or other presen-
tation system for transporting the mined material along a
pathway that facilitates assessment of the grade of succes-
sive segments of the mined material by the grade assessment
system.

The conveyor or other presentation system may be any
suitable assembly.

The grade assessment system may be any suitable system.

The separation system may be any suitable system. For
example, the separation system may be a conveyor that can
be moved horizontally so that a discharge end of the
conveyor is positioned above storage bins for the categories
of the mined material.

The dry sorter may be any suitable dry sorter, such as
described in the above-mentioned International application
in the name of the applicant.

The present invention also provides a method of mining
that comprises:

(a) mining ore, and

(b) separating segments of the mined ore in accordance

with the above-described mining method.



US RE50,392 E

7

The method may also comprise dry sorting separated
segments of the mined ore in accordance with the above-
described mining method.

The method may also comprise one or more downstream
processing steps to process the separated and optionally dry
sorted material to produce a product that meets a customer
specification in terms of grade and other characteristics, such
as particle size. These other method steps may comprise size
reduction and/or blending steps.

The present invention is described further by reference to
the accompanying drawings, of which:

FIG. 1 is a flowsheet of one embodiment of the method
and the apparatus of the invention;

FIG. 2 is a flowsheet of another embodiment of the
method and the apparatus of the invention;

FIG. 3 is a flowsheet of another embodiment of the
method and the apparatus of the invention;

FIG. 4 is a flowsheet of another embodiment of the
method and the apparatus of the invention; and

FIG. 5 is a flowsheet another, although not the only other,
embodiment of the method and the apparatus of the inven-
tion.

The embodiments of the invention shown in FIGS. 1 to 5
are described herein in the context of a mined material in the
form of iron ore. The invention is not confined to iron ore
and extends to other mined materials that contain valuable
material. The invention also extends to processing mined
material produced by underground mining.

The method of the present invention comprises assessing
the grade of each successive segment of a mined material,
typically at least 5 tonnes per segment, that is being trans-
ported along a pathway, such as on a conveyor belt or other
suitable presentation system on a bulk basis, and separating
the segments based on the grade assessment. The separated
segments may fall into any one of the following categories:
waste material, a product, and material suitable for down-
stream processing to produce a product. This bulk assess-
ment of mined material contrasts with other separation
methods, such as dry sorting methods, which are based
solely on sorting individual particles.

Embodiments of the method of the present invention
comprise transferring selected segments to a downstream
processing plant.

One example of a downstream processing plant is a
beneficiation plant.

Another example of a downstream processing plant is a
dry sorter. More particularly, embodiments of the method of
the present invention comprise further sorting selected and
in some instances all segments of the material. This subse-
quent sorting step comprises the use of a dry sorter that sorts
the segments on a particle basis. Depending on the circum-
stances, the selected segments may be segments that are
above a grade threshold. In other situations, the selected
segments may be segments that are below the grade thresh-
old. In other situations, all of the segments may be dry sorted
on a particle basis, with the criteria for sorting being
different for segments above and below the grade threshold.
This combination of bulk and then particle sorting is an
effective method of sorting when it is necessary to sort large
volumes of material at a high throughput and cost effec-
tively.

The method of the present invention provides opportuni-
ties for (a) rejecting waste material dilution and low grade
ore dilution in a product or a feed to a downstream process-
ing plant such as a beneficiation plant (such as a dry sorter)
and (b) recovering high grade ore which has been misplaced
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in low grade ore or waste material. Both opportunities may
apply to the rehandling of existing low grade stockpiles or
to material as it is mined.

The feed material for the method may be mined by any
suitable mining method and equipment. For example, the
material may be mined by drilling and blasting blocks of ore
from a pit and transporting the mined ore from the pit by
trucks and/or conveyors. By way of further example, the
material may be mined by surface miners moving over a pit
floor and transported from the pit by trucks and/or convey-
ors. The mined material may be mined material that has been
crushed. Sorting could also be done in the pit in conjunction
with an in-pit crushing plant, prior to material being trans-
ported out of the pit.

In more general terms, the method of the present inven-
tion comprises assessing the mined feed material in terms of
grade and other criteria, configuring the settings for the bulk
separation and optionally dry sorting steps having regard to
the assessment, and then processing the material through the
bulk separation and optionally dry sorting steps and produc-
ing upgraded material.

Two criteria for the feed material that are important,
although not essential, for the bulk sorting step of the
embodiments shown in the Figures are as follows:

The feed material contains enough misplaced material for
the sorting method to create value. In this context,
“misplaced” material means material that would oth-
erwise be classified as waste material or low grade
material.

The ore is heterogeneous to a degree that enables sorting
based on segments of material to effectively separate
the misplaced material.

With reference to the FIG. 1, mined or stockpiled iron ore

is crushed in a high grade primary crusher (HGPC) circuit 3.
The primary crusher circuit 3 may be an in-pit circuit or a
circuit that is outside the pit.

The crushed ore is transferred from the primary crusher
circuit 3 as a feed material to a grade assessment assembly
5. The grade assessment assembly 5 comprises a transfer
conveyor belt that transports a bed of the iron ore along the
belt to a discharge end and a grade detection system posi-
tioned to assess the grade of the iron ore at a location along
the length of the belt. In this particular embodiment, the
grade detection system continuously detects the grade of
iron ore throughout the depth and across the width of the bed
of ore on the transfer conveyor belt as the belt passes the
detection location. The grade detection system assesses the
average grade of successive segments of the iron ore on the
transfer conveyor belt. In this particular embodiment, the
segments are the amounts of iron ore that pass the detection
location in each 30 second period. The invention is not
confined to this time period and to this basis for selecting the
size of a segment. The amount of iron ore in each segment
is a function of the belt speed and the amount of ore on each
part of the transfer conveyor belt along the length of the belt
that passes the detection location in the 30 second period.
The grade detection system assesses whether the average
grade of each successive segment of the iron ore is above or
below a first threshold grade value. The grade detection
system may be any suitable system.

A range of options for grade detection have been evalu-
ated by the applicant. These options fall into two categories.
Those which analyse the entire bed depth of the ore.

Those which analyse the surface of the iron ore bed only.

These two groups are significant in terms of selecting the
most appropriate detection system.
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One grade detection option is Prompt Gamma Neutron
Activation Analysis (PGNAA), for the following reasons:

Commercially available, minimising development
requirements and risk.

Proven in iron ore operations.

High probability of satisfactory detection at primary
crushed ore particle size and conveyor bed depth.

Elemental analysis rather than mineralogical/phase analy-
sis aligns well with current grade control methods and
enables simple data analysis and control logic.

The iron ore that is discharged from the transfer conveyor
belt of the grade assessment assembly 5 is transferred to a
sorter 7 in the form of a splitter system that directs segments
of iron ore that are at or above the first grade threshold into
a first chute (not shown) and segments of iron ore that are
below the grade threshold into a second chute (not shown).

The material in the first chute is shown in FIG. 1 as an
“Accepts” feed. This material may be a product specification
or a feed for a downstream processing plant such as a
beneficiation plant, such as a wet processing plant or a dry
processing plant, to produce a product. The material in the
second chute is shown in FIG. 1 as a “Rejects” material that
is transported away from the sorter 7 and stockpiled or used
as landfill.

One embodiment of the splitter system (not shown) is two
transfer chutes extending from a single cavity that receives
iron ore that is discharged from the transfer conveyor belt.
This is mounted on a rail system, and the splitter can be
moved by a series of double acting hydraulic rams to divert
the ore stream into either chute. Feed conveyors for the
rejects and the dry sorter feed sit beneath each chute.

Another, although not the only other, embodiment of the
splitter system is a conveyor belt that is positioned below the
discharge end of the transfer conveyor belt to receive iron
ore from this belt and can be moved horizontally so that a
discharge end of the conveyor is be positioned above storage
bins for the rejects and the dry sorter feed.

By way of example, drivers for the design of the sorter 7
include the following factors:

It is preferable that the speed of movement be fast enough
to enable the destination to be changed with minimal
misplacement. This means that the time for change over
must be equal to or less than the time taken for the ore
to travel from the detector to the splitter system.

In the case of iron ore, it is preferable that the splitter
system be robust enough to handle up 2000 tonnes/hour
of primary crushed material with maintenance require-
ment (mean time between failures and mean time for
repairs) better than the requirements for the existing
primary crusher and conveyor system.

The embodiment shown in FIG. 2 is similar in some
respects to the embodiment shown in FIG. 1 and the same
reference numerals are used to describe the same features.

The main difference between the embodiments is that
FIG. 2 includes a specific downstream processing plant for
the “Accepts” feed from the sorter 7.

As shown in FIG. 2, the material in the “Accepts” feed
from the sorter 7 is supplied to a downstream processing
plant in the form of a dry sorter 9, and the particles are dry
sorted on the basis of ore grade, i.e. average composition, of
the particles into two fractions. More particularly, the dry
sorter 9 sorts the mined material in each selected segment
that makes up the material in the first chute on a particle by
particle basis. The dry sorter 9 determines whether each
particle is above or below a second threshold grade and sorts
the particles into one of two fractions based on this assess-
ment. Depending on the circumstances, the second grade
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may be higher than or the same as the first threshold grade
for the bulk sorting step. The dry sorter 9 may be any
suitable dry sorter. One suitable dry sorter is a sorter that
uses dual x-ray analysis or any other suitable analytical
technique to determine ore grade. One fraction comprises
ore that has an iron concentration above the second thresh-
old grade, for example 63 wt. % Fe. This fraction is a
required product fraction, in terms of composition, and
forms a basis for a marketable product or a product that can
be blended with other ore streams to produce a marketable
product. The other fraction comprises ore that has an iron
concentration below the second threshold ore grade, for
example 63 wt. % Fe. This fraction is transferred to a
stockpile to be used, for example, as land fill.

As shown in FIGS. 1 and 2, the material in the second
chute of the sorter 7 is transferred away from the sorter 7 as
a “Rejects” material. The material may be stockpiled or used
as landfill.

Depending on a range of factors, including the physical
characteristics and the mineralogy of the particles, the
“Rejects” material in FIGS. 1 and 2 may be suitable for
upgrading cost effectively via a processing option other than
dry sorting in the dry sorter 9. By way of particular example,
the material may be suitable for upgrading via a wet con-
centration process. In that event, instead of being classified
as a waste material, the material may be processed in a wet
concentration circuit to produce upgraded material that is a
suitable grade for a customer specification.

The embodiment shown in FIG. 3 is similar in some
respects to the embodiment shown in FIG. 2 and the same
reference numerals are used to describe the same features.

With reference to FIG. 3, the grade of the “Accepts”
material in the first chute of the sorter 7 is a suitable grade
for a customer specification and is transferred to be pro-
cessed further as may be required to be suitable for a product
to meet a customer specification. The further processing may
include size reduction and/or blending with other material.
The grade of the “Rejects” material in the second chute of
the sorter 7 is below a grade for a customer specification.
The material is transferred to a dry sorter 9 of the same type
as described above in relation to FIG. 2 or wet concentrator
10 and is sorted to produce an upgraded material that
suitable in terms of grade for a customer specification.

The embodiment shown in FIG. 4 is similar in some
respects to each of the embodiments shown in FIGS. 1 and
2 and the same reference numerals are used to describe the
same features.

The FIG. 4 embodiment is a combination of the FIGS. 2
and 3 embodiments in that the material from the chutes of
the sorter 7 is transferred to separate dry sorters 9. In this
embodiment, the sorting criteria for the dry sorters 9 are
different, although in each case the dry sorters produce an
upgraded material.

The embodiment shown in FIG. 5 is similar in some
respects to each of the embodiments shown in FIGS. 1 to 3
and the same reference numerals are used to describe the
same features.

The FIG. 5 embodiment comprises a sorter 7 that operates
on a different basis to the sorter 7 of the embodiments shown
in FIGS. 1 to 3. Specifically, instead of a sorter 7 that
comprises a splitter system that sorts the segments into two
categories, the FIG. 4 embodiment sorts the segments into
three categories. More particularly, the iron ore that is
discharged from the grade assessment assembly 5 is trans-
ferred to a sorter 7 in the form of a splitter system that directs
(a) segments of iron ore that are at or above the first grade
threshold into a “mixed grade” chute (not shown), (b)



US RE50,392 E

11

segments that are at or above a second grade threshold into
a “high grade” chute, and (c) segments that are below the
first grade threshold and are “waste” material into another
chute (not shown). In this embodiment, the second grade
threshold is a product grade that meets a customer specifi-
cation and is above the first grade threshold. It is not
necessary to process the high grade material further from the
viewpoint of grade control. The mixed grade material com-
prises a range of grades from below the second grade
threshold to above the second grade threshold. This material
is transferred to a dry sorter 9 and is separated on a particle
basis into a product grade fraction and a waste fraction. The
product fraction is combined with the high grade material
and the waste fraction is combined with the waste material
from the sorter 7.

Many modifications may be made to the embodiment of
the method and the apparatus described above without
departing from the spirit and scope of the invention.

The invention claimed is:

1. A method of separating a mined material comprising:

(a) assessing [the] a grade of successive segments of the
mined material, wherein each segment is at least 5
tonnes, and

(b) separating each segment on the basis of ke grade into
a category that is at or above a first grade threshold or
a category that is below the first grade threshold;

(c) separating particles from at least one segment that is
above the first grade threshold and producing upgraded
material that is above a second grade threshold.

2. The method defined in claim 1 wherein the separating

in step (c) is dry sorting.

3. A method of separating a mined material comprising:

(a) assessing [the] a grade of successive segments of the
mined material, wherein each segment is at least 5
tonnes,

(b) separating each segment on the basis of grade into a
category that is at or above a first grade threshold or a
category that is below the first grade threshold, and

(c) processing segments that are below the first grade
threshold by processing steps other than dry sorting on
a particle basis and producing upgraded material.

4. The method defined in claim 2 wherein separating step
(¢) [further] comprises dry sorting particles from at least one
segment that is below the first grade threshold and producing
upgraded material that is above a second grade threshold.

5. The method defined in claim 2 wherein separating step
(c) comprises dry sorting particles from at least one segment
that is above the first grade threshold and separately dry
sorting particles from at least one segment that is below the
first grade threshold and, in each case, producing upgraded
material that is above the second grade threshold.

6. The method defined in claim 5 wherein the first
[threshold] grade threshold is a grade that meets a customer
specification in terms of grade.

7. The method defined in claim 6 wherein the second
grade threshold is higher than the first grade threshold.

8. The method defined in claim 6 wherein the first and the
second grade thresholds are the same[grade].

9. The method defined in claim 1 wherein assessing the
grade [assessment of] ir step (a) is a direct assessment of
grade.

10. The method defined in claim 1 wherein assessing the
grade [assessment of] ir step (a) is an indirect grade assess-
ment based on detected information that provides an indi-
cation of grade.

11. The method defined in claim 1 wherein assessing the
grade [assessment] in step (a) comprises assessing the grade
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of successive segments of the mined material as the mined
material is transported along a pathway.

12. The method defined in claim 11 [that] comprises
transporting the mined material along the pathway on a
conveyor belt [or other suitable presentation system] to
facilitate [assessment] assessing the grade in step (a).

13. The method defined in claim 12 [that] comprises
transferring the mined material onto the conveyor belt and
forming a bed of material on the conveyor belt.

14. The method defined in claim 1 [wherein the] com-
prises determining a size of the segments of the mined
material [is determined] on the basis of [the] @ mass of the
segments.

15. The method defined in claim 1 wherein[, in the case
of iron ore, the] a size of the segments is at least 20 tonnes.

16. A method of separating a mined material comprising:

(a) assessing [the] a grade of successive segments of the
mined material, wherein each segment is at least 5
tonnes, and

(b) separating each segment on the basis of the grade into
a category that is at or above a first grade threshold or
a category that is below the first grade threshold;

wherein [the] a size of the segments [of the mined
material] is determined on the basis of [the] an amount
of mined material that passes an assessment point on
[the] @ pathway in a given time period.

17. The method defined in claim 16 wherein[, in the case

of iron ore,] the given time period is 30 seconds.

18. The method defined in claim 1 wherein [the] a size of
the segments of the mined material is determined on the
basis of [the] a load capacity of an excavator that loads
mined ore into trucks after a drilling and blasting operation
in a pit.

19. The method defined in claim 1 wherein [separation]
separating step (b) separates each segment on [the] a basis
of grade into three or more categories.

20. The method defined in claim 19 wherein [separation]
separating step (b) separates the segments into three cat-
egories of [“high grade™] high grade material, [“waste”]
waste material and [“mixed grade”] mixed grade material,
where the high grade material and the mixed grade material
are above the first grade threshold [(on] or a mass average
basis for the [segments)] segments and the waste material is
below the first grade threshold.

21. The method defined in claim 20 wherein the mixed
grade material is a mixture of both high grade material and
low grade material.

22. The method defined in claim 21 wherein the mixed
grade material comprises 25-75% by weight high grade
material.

23. The method defined in claim 1 wherein [separation]
separating step (b) is a dry sorting step.

24. An apparatus for separating a mined material that
comprises:

(a) a grade assessment system for assessing [the] a grade
of successive segments of the mined material, wherein
each segment is at least 5 tonnes,

(b) a separation system for separating each segment on the
basis of the grade into a category that is at or above a
first grade threshold or a category that is below the first
grade threshold, and

(c) a [separator] separation system for separating particles
from at least one segment that is above the first grade
threshold and producing upgraded material.

25. The apparatus defined in claim 24 wherein the [sepa-

rator] separation system (c) is a dry sorter.
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26. The apparatus defined in claim 25 wherein the dry
sorter is capable of producing upgraded material that is
above a second grade threshold.

27. A method of mining [that] comprises

(a) mining ore, and

(b) separating segments of the mined ore in accordance
with the method defined in claim 1.

28. The method defined in claim 27 [that] comprises dry

sorting separated segments of the mined ore.

29. The method defined in claim 27 [that] comprises [one
or more downstream processing steps to process the] pro-
cessing separated [material or the dry sorted material] seg-
ments in one or more downstream processing steps 10
produce a product that meets a customer specification in
terms of grade and other characteristics[, such as particle
size].

30. The method defined in claim 3 where in the processing
steps other than dry sorting on a particle basis include wet
concentration steps.

31. A method of separating a mined material in a form of
copper-containing ore comprising:

(a) assessing a copper grade of successive segments of the
mined material as the mined material is transported
along a pathway, wherein each segment is at least 5
tonnes,

(b) separating each segment on the basis of copper grade
into a category that is at or above a first grade
threshold or a category that is below the first grade
threshold, and

(¢) processing segments that are below the first grade
threshold in a wet processing plant and producing
upgraded material.

32. The method defined in claim 31 wherein assessing the

grade in step (a) is a direct assessment of copper grade.

33. The method defined in claim 31 wherein assessing the
grade in step (a) is an indirect assessment of copper grade.

34. The method defined in claim 31 further comprises
reducing a size of the mined material in a size reduction step
before assessing the grade in step (a).

35. The method defined in claim 31 where the processing
step (¢) includes wet concentration steps.

36. An apparatus for separating a mined material in the
form of copper-containing ove that comprises:

(a) a grade assessment system for assessing a copper
grade of successive segments of the mined material as
the copper-containing ove is transported along a path-
way, wherein each segment is at least 5 tonnes,

(b) a separation system for separating each segment on
the basis of copper grade into a category that is at or
above a first grade threshold or a category that is
below the first grade threshold, and

(¢) a separation system for separating particles from at
least one segment that is above the first grade threshold
and producing upgraded material.

37. The apparatus defined in claim 36 further comprising

a crusher for crushing copper-containing ove before the ore
is transferred to the grade assessment system (a).

38. The apparatus defined in claim 36 comprises a splitter
system for splitting segments that are at or above the first
grade threshold into one chute and segments that are below
the first grade threshold into another chute.

39. A method of mining that comprises

(a) mining ore,

(b) reducing a size of mined ore in a crushing step and
producing a crushed ore;

(¢) assessing a grade of successive segments of the
crushed ove by direct assessment of the grade as the
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crushed ove is transported along a pathway, wherein
each segment is at least 5 tonnes, and

(d) separating each segment of the crushed ore on the
basis of grade of the segment into a category that is at
or above a first grade threshold or a category that is
below the first grade threshold; and

(e) separating particles from at least one separated seg-
ment that is above the first grade threshold and pro-
ducing upgraded material that is above a second grade
threshold in a downstream processing plant.

40. The method defined in claim 39 wherein separating

step (d) includes dry sorting the segment.

41. The method defined in claim 39 wherein separating
step (e) comprises processing particles from at least one
separated segment by wet processing in a wet processing
plant.

42. The method defined in claim 39 wherein separating
step (e) comprises processing particles from at least one
separated segment by dry sorting particles.

43. The method defined in claim 39 further comprises
processing at least one separated segment that is below the
first grade threshold by processing steps other than dry
sorting on a particle basis and producing upgraded material
that is above a second grade threshold.

44. The method defined in claim 39 further comprises dry
sorting particles from at least one separated segment that is
below the first grade threshold and producing upgraded
material that is above a second grade threshold.

45. The method defined in claim 39 wherein separating
step (e) comprises dry sorting particles from at least one
separated segment that is above the first grade threshold and
separately dry sorting particles from at least one segment
that is below the first grade threshold and, in each case,
producing upgraded material that is above a second grade
threshold.

46. The method defined in claim 39 wherein the mined ore
is iron ore.

47. The method defined in claim 46 wherein the iron ore
is low grade iron ore.

48. The method defined in claim 47 wherein the low grade
iron ore is a mixture of high grade and waste iron ore.

49. The method defined in claim 39 wherein assessing the
grade in step (c) comprises transporting the crushed ore
along the pathway as a bed of material on a conveyor belt.

50. The method defined in claim 49 wherein assessing the
grade in step (c) comprises assessing the grade of successive
segments of the crushed orve by analyzing the entire bed
depth.

51. The method defined in claim 39 wherein grade assess-
ment step (c) comprises assessing the grade of successive
segments of the crushed ove by Prompt Gamma Neutron
Analysis (PGNA).

52. The method defined in claim 39 wherein size reducing
step (b) is a primary crushing step producing the crushed
ore having a primary crushed ore particle size.

53. The method defined in claim 39 comprising stockpil-
ing mined ore before size reducing step (b).

54. A method of separating a mined ore comprising:

(a) reducing a size of mined ove in a crushing step and

producing a crushed ore;

(b) assessing a grade of successive segments of the
crushed ove by direct assessment of the grade as the
crushed ove is transported along a pathway, wherein
each segment is at least 5 tonnes,

(¢) separating each segment of the crushed ore on the
basis of grade of the segment into a category that is at



US RE50,392 E

15
or above a first grade threshold or a category that is
below the first grade threshold; and

(d) separating particles from at least one separated

segment that is above the first grade threshold and
producing upgraded material that is above a second
grade threshold in a downstream processing plant.

55. The method defined in claim 54 wherein separating
step (¢) includes dry sorting the segment.

56. The method defined in claim 54 wherein separating
step (d) comprises processing particles from at least one
separated segment by wet processing particles in a wet
processing plant.

57. The method defined in claim 54 wherein separating
step (d) comprises processing particles from at least one
separated segment by dry sorting particles.

58. The method defined in claim 54 wherein separating
step (d) comprises dry sorting particles from at least one
separated segment that is above the first grade threshold and
producing upgraded material that is above a second grade
threshold.

59. The method defined in claim 54 further comprises
processing at least one separated segment that is below the
first grade threshold by processing steps other than dry
sorting on a particle basis and producing upgraded material
that is above a second grade threshold.

60. The method defined in claim 54 further comprises dry
sorting particles from at least one separated segment that is
below the first grade threshold and producing upgraded
material that is above a second grade threshold.

61. The method defined in claim 54 wherein the mined ore
is iron ore.

62. The method defined in claim 61 wherein the iron ore
is low grade iron ore.

63. The method defined in claim 62 wherein the low grade
iron ore is a mixture of high grade and waste iron ore.

64. The method defined in claim 54 wherein assessing the
grade in step (b) comprises transporting the crushed ore
along the pathway as a bed of material on a conveyor belt.
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65. The method defined in claim 64 wherein assessing the
grade in step (b) comprises assessing the grade of succes-
sive segments of the crushed ore by analyzing the entive bed
depth.

66. The method defined in claim 54 wherein assessing the
grade in step (b) comprises assessing the grade of succes-
sive segments of the crushed ore by Prompt Gamma Neutron
Analysis (PGNA).

67. The method defined in claim 54 wherein size reducing
step (a) is a primary crushing step producing a crushed ore
having a primary crushed ore particle size.

68. The method defined in claim 54 comprising transfer-
ring mined ore from a stockpile to size reducing step (a).

69. An apparatus for separating a mined ove that com-
prises:

(a) a crusher for crushing mined ore to crushed ore;

(b) a grade assessment system for assessing a grade of
successive segments of the crushed ore by direct assess-
ment as the crushed ore is moved along a pathway,
wherein each segment is at least 5 tonnes,

(¢) a separation system for separating each segment of the
crushed ore on the basis of grade into a category that
is at or above a first grade threshold or a category that
is below the first grade threshold, and

(d) a separation system for separating particles from at
least one segment that is above the first grade threshold
and producing upgraded material.

70. The apparatus defined in claim 69 wherein the sepa-

ration system for separating particles is a dry sorter.

71. The apparatus defined in claim 69 wherein the sepa-
ration system for separating particles is a wet processing
plant.

72. The apparatus defined in claim 69 wherein the crusher
includes a primary crusher for crushing mined ore to a
primary crushed ore particle size.

73. The apparatus defined in claim 69 includes a splitter
system for splitting segments that are at or above the first
grade threshold into one chute and segments that are below
the first grade threshold into another chute.
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