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APPARATUS FOR SORTING AND RECOMBINING MINERALS
BACKGROUND OF THE INVENTION
I. Field of the Invention
The present invention relates to an apparatus for
5 sorting mixtures of minerals into constituent parts and then
recombining the materials into mixtures contalning two or
more of the constituent parts 1n alterable predetermined
ratios. More specifically, the apparatus of the present

invention uses a plurality of density separators, control

10 valves, sensors, and splitters, all operated under

programmed control, to first divide a mixture of minerals
into i1ts constituent parts and then use the constituent
parts to create one or more end products, each of a

predetermined composition.

15 II. Description of the Prior Art

It is well known in the construction arts that the
nature and durability of various construction materials
which incorporates sand vary based upon the particle size
distribution of the sand used. Thus, various techniques
20 have been employed in the prior art to treat raw sand and
other minerals, the constituent parts of which are of an
unknown and non-uniform size, to obtain at least one sand
product which meets the desired specification. These same

techniques have been employed with other particulate

25 materials.

The prior art techniques often incorporate the use of
one or more density separators which divide a source
material into a relatively coarse underflow fraction and a
relatively fine overflow fraction. The density separators
30 typically include equipment, such as a valve, for varying
the size of the material as required by varying the flow
rate of the under-flow fraction in relation to the pulp
density from the denslty separator.

It is also useful, at times, to blend together two
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or more products of different particulate specifications
in order to achieve a blended product which meets
specifications demanded by a customer. One way of
achieving such a blend would be to store in bins two or
more different output fractions from the density
separator and then draw from the bins whatever relative
weights of materials are required for blending. This
technique suffers from several disadvantages. First 1is
the cost of the weigh scales and the bins. Second 1s the
space required for such equipment. Third is the lack of
uniformity of the blend produced with such equipment.

Another significant problem associated with blending
operations relates to the efficiency of the process used.
Efficiency, of course, 1s affected if sufficient
quantities of each of the materials to be blended is not
available. Thus, to maximize the yield of specified
products from available raw material, there is a real
need for a blending control strateqgy that i1s able to pace
the flow rates of raw material, the constituent materials
separated out from the raw material, and the end product
or products. Likewise, it is desirable to establish
ratios of different final products from a plant while at
the same time maintaining the individual product
integrity. This, realistically, can only be efficiently
achieved by the automatic operation of the plant.

SUMMARY OF THE INVENTION

The present invention represents an attempt to
ameliorate all of the above-mentioned disadvantages, and
also to address the needs outlined above. Thus, 1n
accordance with the present invention, the apparatus
comprises one or more density separators, a control valve
associated with each density separator for wvarying as
required the flow of the underflow fraction from the

density separator to maintain the proper size of material
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in the underflow, sensors for measuring various parameters
including, for example, the pulp density of material in each
density separator, and splitters all under automatic
programmed control. This equipment can be used not only for
separating the material into fractions having known
characteristics, but also to subsequently combine such
fractions in a desired ratio to achieve a plurality of
desired products each meeting a desired specification.

Accordingly, the various density separators are used to
separate a raw material into various constiltuent parts. For
example, the density separators are able to separate sand by
size. Once the density separators have
served the function of separating the material i1nto various
constituent parts, the splitters are used to control the flow
and mixing of the various constituent parts to achieve final
products which are in accord with established product
specifications. The operation of the splitters and wvalves of .
the density separators are all under programmed control by an
electronic controller such that the composition of the
constituent parts created by the density separators can be
easlly altered. The system can also readily alter the ratio
of the constituent parts i1n the final products. As indicated
above, an i1mportant application of the invention is the
blending of sands. In this application, some or all of the
supplies of sand for blending may be derived from the density
separator. The sand is sorted by size by using the density
separator and then is reblended into final products using the
splitters of the system.

The present invention thus provides, according to one
aspect, an apparatus for separating a first mixture of

granular materials into its constituent parts and then
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remixing the constituent parts to achieve a second mixture

having a desired composition, the apparatus comprising:

a. a first density separator which divides the first
mixture into first and second flow streams, the first flow
stream consisting of a first material having a first
controlled density or size and the second flow stream
consisting of a second material having a second controlled
density or size less than the first controlled density or

silze;

b. a control wvalve for regulating the exit of the first
flow stream from the density separator and for controlling
the division of the first mixture into first and second

flow streams by the first density separator;

c. a first sensor which provides a signal indicative
of the rate at which the material within the first flow

stream 18 exiting the density separator;

d. a second sensor which provides a signal
indicative of the pulp density of the material within

the first density separator;

e. a first splitter associated with the first flow
stream for controlling delivery of the first material;

and

f. an electronic programmable controller responsive to
operator i1nputs and responsive in real time to the signals
provided by the first sensor and second sensor which
automatically controls the control valve and the first

splitter to produce an ingredient having the desired
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composition and determines the particle size distribution of

the first mixture.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, and to show
more clearly how the same may be carried into effect,

reference is made to the accompanying drawings
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which are a preferred embodiment of the invention.
Various other embodiments can also be assembled using the
constituent parts of the invention as shown in the
drawings without deviating from the invention.

Figure 1 is a diagram of a typical blending plant
constructed in accordance with the present invention.

Figure 2 is a chart showing operating parameters of
a first embodiment of the control system for controlling
the separation and blending functions of the plant.

Figure 3A is a schematic diagram showing example

parameters which can be set for various devices 1in the
first half of the plant.

Figure 3B is a schematic diagram showing example
parameters which can be set for various devices the
second half of the plant.

Figure 4 is a schematic diagram showing the
controller, the various sensors providing inputs and the

various devices controlled by the controller.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the embodiment shown in Figure 1, raw material is
fed into a feed hopper and meter 10 and from there,
delivered in a metered fashion to a conveyor belt 12.
Conveyor belt 12 then carries the material to a screen
separator 14 which again divides the material’into waste
and usable material. The usable material drops through
the screen 14 onto a second conveyor belt 16 which
carries the material to a first density separator 18.
Associated with the conveyor belt 16 1s an electronic
weigh scale 17 which measures the gquantity of material
being delivered to the density separator 18 by the
conveyor 16. The weigh scale 17 sends signals to an

electronic controller (not shown in Figure 1). These
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signals are representative of the quantity of
material being delivered to the density separator over a

specified period of time (tons per hour).

The density separator 18 includes a discharge control

valve 19 which can be, for example, actuated
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pneumatically 1n response to signals received from the
electronic controller. By altering the position of the
discharge control valve 19, the underflow fraction from
the density separator 18 is adjusted. The operation of
the density separator 18 1s also monitored by a pair of
sensors 20 and 21. Sensor 20 sends signals to the
controller indicative of the amount of material being
delivered as the underflow fraction of the density
separator 18. Sensor 21 sends signals to the controller
indicative.of the pulp density of the material within the
density separator. The controller, thus, knows the
amount of material being delivered to the density
separator 18 based upon the signals received from the
scale 17 and the quantity of material being delivered as
the underflow fraction by virtue of the signals received
from the sensor 20. The controller can use this data to
determine the quantity of material delivered as the
overflow fraction of the density separator 18. The
controller also knows the pulp density of the material
within the density separator 18 based upon signals
received from sensor 21. The controller can also use
this i1nformation to modulate the position of the valve
19. Specifically, the controller adjusts the wvalve 19 to
generate an overflow of a fine fraction and an underflow
of a coarse fraction each having specific particle size
distributions irrespective of the size distribution of
the raw material fed into density separator 18. The
sensor 20 1is used to determine what percentage of the
material fed into the density separator 18 1s being
delivered as part of the coarse underflow fraction versus
the fine overflow fraction.

A key aspect of the invention is the manner in which
the controller can determine the particle size

distribution of the raw material. The controller 1s able
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to make this determination because of the signals it
recelives from sensors 20 and 21. By knowing the rate of
discharge of the underflow (coarse) fraction exiting
denslity separator 18 as well as the pulp density of
material within the density separator 18, the controller
can accurately calculate the particle size distribution
of the raw material. More specifically, the controller
can calculate the ratio of material of a size above or
below a set point and extrapolate sufficiently precise
information related to the size distribution of the raw
material.

The system shown in Figure 1 also includes a second
density separator 22. Second density separator 22 1s
equlipped with a valve 24 and sensors 26 and 27. The
valve 24 is controlled by the electronic controller. The
sensor 26 sends signals to the controller representative
of the flow through the wvalve 24. The sensor 27 sends
signals representative of the pulp density of the
material in density separator 22. The density separator
22 recelves the fine overflow fraction generated by the
density separator 18 and separates this fine overflow
fraction into a second fine overflow fraction and a
second coarse underflow fraction. Agaln, the controller
can determine the amount of material being delivered as
the overflow fraction of the density separator 22 based
upon signals received from the sensor 26 indicative of
the amount of material 1n the underflow fraction and the
calculation of the overflow fraction generated by density
separator 18 discussed above.

The coarse underflow fraction of each density
separator 18 and 22 is fed 1nto a splitter. Specifically,
splitter 28 receives a first flow stream 29 containing
the coarse underflow fraction from the first density

separator 18. Splitter 30 recelives a second flow stream



CA 02378387 2001-12-12
WO 01/03842 PCT/US00/18832

31 containing the coarse underflow fraction from the

density separator 22. In a similar fashion, a splitter

36 recelives a third flow stream 37 via a static or
vibrating DSM (dutch state mines) screen 32 and gravity

5 cyclone 34. The DSM screen functions to remove coarse,
lightweight contaminants which accompany the fine
overflow fraction of density separator 22. Each of the
splitters 28, 30 and 36, like the control valves 19 and
24, are controlled by the electronic controller. By

10 virtue of the signals, the controller receives signals
from the weigh scale 17 and the two sensors 20 and 26
associated with the two density separators, the
controller 1s able to calculate'the volume of material
which 1s being delivered to each of the splitters 28, 30

15 and 36 and can use this information to control the
splitters to create final products.

To further increase the flexability of the system,
additional screens and splitters can be provided. The
embodiment shown in Figure 1, for example, includes a

20 cascade screen 40, a splitter 44 and a splitter 52. The
system also includes a plurality of dewatering screens
46, 48, 42, 54 and 50 respectively. As shown in Figure
1, each dewatering screen has a separate conveyor
assoclated therewith which 1s used to stockpile the final

25 products. All of these devices can be controlled by the
controller.

Starting first with the splitter 28, Figure 1 shows
that the splitter 28 is used to divide the first flow
stream 29 and under electronic control deliver selected

30 portions of 1t to the cascade screen 40 and to the
dewatering screen 42. The portion of the first flow
stream 29 delivered by splitter 28 to the cascade screen
40 1s further separated by the screen 40 so that a

portion 1s delivered to the splitter 44 and another
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portion becomes a first product 70. The material
received by the splitter 44 is divided by the splitter
under electronic control so that a portion 1is delivered
to the dewatering screen 46 and becomes a second product
72 and the remaining portion 1s delivered to the
dewatering screen 48.

Figure 1 also shows how splitter 30 delivers the
material contained in the second flow stream 31.
Splitter 30 under electronic control, divides the second
flow stream and delivers a first portion of it to
dewatering screen 50 and a second portion to dewatering
screen 42. The portion delivered to screen 50 becomes
product 80.

The splitter 36, again under electronic control, 1s
used to divide the third flow stream 37. A portion otf
this flow stream is delivered to dewatering screen 48.
Another portion is delivered to splitter 52. The
splitter 52 divides the material it receives between
dewatering screen 42 and dewatering screen 354. The
portion delivered to dewatering screen 54 becomes product
78.

Those skilled in the art will recognize from Figure
1 that products 70, 72, 78 and 80 each contain a
separate, single ingredient and products 74 and 76
comprise a mixture of ingredients. Product 74 1is
ultimately a mixture of material from the first flow
stream 29 and the third flow stream 37. Likewilse,
product 76 is ultimately a mixture of material from the
first flow stream 29, the second flow stream 31 and the
third flow stream 37. The percentage of each ingredient
in these mixture products is, of course, regulated by the
controller.

In summary, the present invention allows a single

raw material to be first divided into constituent parts



CA 02378387 2001-12-12

WO 01/03842 PCT/US00/18832

10

15

20

25

30

which are utilized in such a way so as to create at least
s1xX separate products. Some of these products consist of
a single constituent part of the raw material. Others of
the product consist of blends of known adjustable ratios
of said constituent parts. While not specifically shown
in the drawings, it 1s also possible to take any of the
final products and re-introduce them into the system as a
raw material to further refine the material and achieve
even more consistent final products.

In order to fully appreciate the level of control
provided with the current system, some discussion of the
controller 1s required. Basilcally the controller could
be 1in the form of either a personal computer or specially
designed microprocessor-based controller so long as the
controller 1s equipped with various input and output
devices. As 1ndicated above, the inputs received by the
controller include signals representative of weight
received from the weigh scale 17, signals representative
of flow through the wvalves 19 and 24 from the sensors 20,
21, 26 and 27 associated with the density separators.
Other signals may also be recelived related to motor
status, limit switches or the like from other sensors
assoclated with the wvarious components of the system such
as the splitters and screens.

In addition to the various sensor inputs received by
the controller, the operator will have the ability to
enter varlous system parameters which will be used by the
control algorithm, in combination with the sensor inputs,
to control the operation of the system. Such operator
inputs 1nclude a correction factor for mass conservation
and waste lightwelights and values for characterization of
the valves 19 and 24. These values create a relationship
between valve position and mass flow. Additionally, the

operator can establish certain set points used by the
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system such as the pulp density for the two density
separators as well as the flow rate of raw material into
the system in tons per hour and the ratio values for
ingredients in a given product where such product 1s a
blended product, such as products 74 and 76. The
operator can also input the desired flow rate for
products so that the amount of each product produced can
be adjusted and optimized. The operator can also set
certain alarm limits for the controller so that a warning
is signaled in the event there is too great a deviation
from desired set points.

Thus, the operator can input the raw feed flow rate,
the set points for the two density separators, and the
ratio of the output in the form of various ingredients or
products desired.

Those skilled in the art will recognize from the
foregoing disclosure, that the present invention provides
many advantages when it comes to separating and mixing
particulate material to create predefined products.

Those skilled in the art will also recognize that the
system can be modified without deviating from the scope
of the invention by adding additional density separators,
splitters, cascade screens, cyclones or the like. By
expanding the number of components and continuing to
operate these components under program control, an even
greater number of products can be delivered from a single
plant. The user can modify the nature of any of the six
products delivered by the system shown in the drawings by
simply altering the operator inputs provided to the

controller.
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CLAIMS:

1. An apparatus for separating a first mixture of granular
materials into 1ts constituent parts and then remixing the
constituent parts to achieve a second mixture having a desired

composition, said apparatus comprising:

a. a first density separator which divides the first
mixture into first and second flow streams, said first flow
stream consisting of a first material having a first
controlled density or size and said second flow stream
consisting of a second material having a second controlled
density or size less than said first controlled density or

silze;

b. a control valve for regulating the exit of said
first flow stream from said density separator and for
controlling the division of the first mixture into first and

second flow streams by the first density separator;

c. a first sensor which provides a signal indicative
of the rate at which the material within said first flow

stream 1s exiting said density separator;

d. a second sensor which provides a signal

indicative of the pulp density of the material within

sald first density separator;

e. a first splitter associated with said first flow

stream for controlling delivery of said first material;

and

f. an electronic programmable controller responsive to
operator 1nputs and responsive 1in real time to the signals

provided by said first sensor and second sensor which
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automatically controls said control valve and said first
splitter to produce an ingredient having the desired

composition and determines the particle size distribution of

the first mixture.

2. The apparatus of claim 1 further including a screen for
separating said first mixture from oversized material before

the first mixture is deposited into the density separator.

3. The apparatus of claim 1 including an input sensor that
provides a signal indicative of the rate at which the material

within the first mixture is deposited into the density

separator.

4 The apparatus of claim 1 including a second density
separator positioned to receive the material of said second
flow stream and divide the second flow stream into third and
fourth flow streams, said third flow stream consisting of a
third material having a third density or size and said fourth
flow stream consisting of a fourth material having a density

or size less than the density of said third flow stream.

5. The apparatus of claim 4 including a third sensor which
provides signals indicative of the rate at which material
within the third flow stream is exiting the second density
separator and a second control valve for regulating the exit

of said third flow stream from said second density

separator.

6 . The apparatus of claim 5 including a pulp density sensor

which generates signals indicative of the pulp density of the

material i1n said second density separator.

7 . The apparatus of claim 6 including a second splitter

assoclilated with the third flow stream for controlling delivery
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of said third material and a third splitter associated with

the fourth flow stream for controlling the delivery of said

fourth material.

8. The apparatus of claim 7 wherein said programmable

5 controller 1s also responsive 1in real time to signals provided
by said third sensor and said pulp density sensor and also
automatically controls said second control valve and said

second and third splitters to produce a plurality of mixtures,

each having the desired composition.

10 9. The apparatus of claim 8 wherein the first splitter

deposits a portion of the first material onto a cascade screen
which divides said portion of said first material into a fifth
flow stream consisting of a fifth material and a sixth flow
stream consisting of a sixth material, said fifth material

15 constituting a first product, said sixth material being
deposited into a fourth splitter controlled by said

programmable controller to provide a second product.

10. The apparatus of claim 9 wherein the programmable
controller controls said third splitter and said fourth
20 splitter to provide a third product which is a predefined

mixture of said fourth material and said sixth material.

11. The apparatus of claim 10 further including a fifth
splitter which receives at least a portion of said fourth
material from sald third splitter and is controlled by said

25 programmable controller to create a fourth product.

12. The apparatus of claim 11 wherein said programmable
controller controls said first, second and fifth splitters to

create a fifth product which is a predefined mixture of said

first, third and fourth material.



[ S T TR TR

CA 02378387 2005-02-02

-14 -

13. The apparatus of claim 12 wherein said second splitter is
controlled to provide a sixth product from said third

material.

14. The apparatus of claim 1 including a plurality of

5 dewatering screens.

15. The apparatus of claim 14 including at least one convevyor

for stockpiling at least one product.

16. The apparatus of claim 1 including a Dutch State Mines
screen to remove lightweight contaminants from the second flow

10 stream.

17. The apparatus of claim 4 including a Dutch State Mines
screen to remove lightweight contaminants from the fourth flow

stream.

18. The apparatus'of claim 16 or 17 further including a

15 gravity cyclone.

19. An apparatus of claim 1 further including a scale for
measuring the weight of the material entering the density
separator such that the controller can calculate the volume of

the material being delivered to the splitter.
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