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A system for filtering organic molecules from an electrolyte solution, including a feed inlet line adapted to carry a solution with
organic molecules, a filter vessel secured to the Inlet line, and a pump adapted to introduce dissolved air into the solution in the feed
Inlet line. The filter vessel Is a solvent extraction filter having coalescing media above a solution outlet at the bottom of the vessel
and an organic vent outlet at the top of the vessel. The system operates by (a) dissolving air into the solution, (b) inputting the
solution with dissolved air into the filter vessel, (c¢) outletting solution from the bottom vessel outlet to flow solution down through
coalescing media, and (d) periodically venting floating organic molecules from the top of the vessel.
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DISSOLVED AIR FLOATATION WITH FILTER SYSTEM

ABSTRACT OF THE DISCLOSURE

A system for filtering organic molecules from an electrolyte
solution, including a feed inlet line adapted to carry a solution with organic
molecules, a filter vessel secured to the inlet line, and a pump adapted to
introduce dissolved air into the solution in the feed inlet line. The filter vessel is
a solvent extraction filter having coalescing media above a solution outlet at the
bottom of the vessel and an organic vent outlet at the top of the vessel. The
system operates by (a) dissolving air into the solution, (b) inputting the solution
with dissolved air into the filter vessel, (c) outletting solution from the bottom
vessel outlet to flow solution down through coalescing media, and (d)

periodically venting floating organic molecules from the top of the vessel.
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DISSOLVED AIR FLOATATION WITH FILTER SYSTEM

TECHNICAL FIELD

The present invention relates to filter systems, and more
particularly to systems for filtering organic materials out of an electrolyte solution

using both floatation and coalescing processes.

BACKGROUND OF THE INVENTION
AND
TECHNICAL PROBLEMS POSED BY THE PRIOR ART

Solvent extraction (SX)/electrolyte filter systems are used to
remove organic molecules from an electrolyte solution. Such systems are used,
for example, in the copper mining industry.

Air floatation columns have been used with SX/electrolyte filter
systems. In such uses, dissolved air is first introduced into the solution so that
it adheres to the organic molecules in the system, which molecules are thereby
raised as the air floats to the top of a floatation column. After the air flotation

process, the solution is passed on to the filter system for further removal of

organic molecules remaining in the solution.
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Fig. 1 illustrates a prior art coalesce operational process with an

SX filter 10 and floatation column 12. The floatation column 12 operates in front

of the filter 10 and introduces air bubbles at 14 into the electrolyte solution which

is fed at 16 into the floatation column 12. The air bubbles are created by
regulating plant air into the column 12. The introduced air bubbles adhere to
some of the organic molecules which are, as a resuit, caused to float to the top
of the system, allowing their removal from the floatation column at 18. Such
columns typically have 45 to 60 percent organic material removal efticiency.

The electrolyte solution from which some of the organic molecules
have been removed is then output at 20 from the floatation column 12 and
passed on to the SX filter 10 for further organic material removal such as is
known an illustrated in Fig. 1 (i.e., by passing the solution through coalescing
media 24 at the bottom of the filter 10 by outputting the solution out the outlet 26
at the bottom).

It should be appreciated that if the floatation column 12 provides
a 60 percent removal efficiency and the SX filter 10 provides a 90 percent
efficiency, the combined floatation column 12 and SX filter 10 would have about
a 96 percent removal efficiency. For example, if 100 PPM of organic molecules
enters the feed 16, then the filtered solution exiting the SX filter 10 would have
about 4 PPM organic molecules. However, at increased feed flow rates, the
combined floatation column 12 and SX filter 10 is not effective at removing
organic molecules. As a result, copper manufacturers who use this system
have been able to produce middle and high end copper quality at design flow
rates, but at high flow rates the copper quality would diminish rapidly, and
shutdowns would occur.

Moreover, the equipment used in this dual separation process of
the combined floatation column 12 and SX filter 10 is not only costly, but also
costly to operate and maintain in order to allow for operation at design

conditions on a yearly basis.
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The present invention is directed toward overcoming one or more

of the problems set forth above.

SUMMARY OF THE INVENTION

In one aspect of the present invention, a system for filtering
organic molecules from an electrolyte solution is provided, including a feed inlet
line adapted to carry a solution with organic molecules, a filter vessel secured
to the inlet line, and a pump adapted to introduce dissolved air into the solution
In the feed inlet line. The filter vessel includes coalescing media above a
solution outlet at the bottom of the vessel and an organic vent outlet at the top
of the vessel.

In one form of this aspect of the present invention, the filter vessel
and coalescing media comprise a solvent extraction/electrolyte filter.

In another form of this aspect of the present invention, the system
is configured so that the downward flow rate of the solution through the
coalescing media is substantially equal to the upward flow rate of floating
bubbles in the solution in the filter vessel.

In still another form of this aspect of the present invention, the
pump is adapted to introduce dissolved air at a pressure substantially greater
than the internal pressure of the filter vessel.

In yet another form of this aspect of the present invention, a
recycle loop is in the feed inlet line, and the pump is in the recycle loop.

In a further form of this aspect of the present invention, an
adjustable pressure reducing valve is in the inlet line between the pump and the
filter vessel.

In another aspect of the present invention, a method of filtering
organic molecules from an electrolyte solution is provided, including the steps
of (a) dissolving air into a solution with organic molecules, (b) inputting the

solution with dissolved air into a filter vessel having coalescing media above a
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solution outlet at the bottom of the vessel and an organic vent outlet at the top of the
vessel, (c) outletting solution from the solution outlet to flow solution down through the
coalescing media, and (d) periodically venting floating organic molecules from the top of
the vessel.

In one form of this aspect of the present invention, the dissolving step comprises
dissolving air at a pressure greater than the pressure in the filter vessel. In a further form,
the dissolving air step and the outletting step are controlled to generate a solution flow
rate down through the coalescing media which is substantially equal to the upward
floatation rate of dissolved air in the filter vessel.

In another form of this aspect of the present invention, the dissolving step is
accomplished by a dissolved air floatation pump. In still another form of this aspect of the
present invention, solvent extraction is performed on solution which passes through the
coalescing media.

In yet another form of this aspect of the present invention, the inputting step
recycles at least some of the solution through the pump in response to a high pressure
condition in the filter vessel.

In a further form of this aspect of the present invention, the pressure of the input
solution is adjusted in response to the pressure of the solution prior to the inputting step.

An additional aspect of the invention corresponds to a system for filtering organic
molecules from an electrolyte solution. The system consists of a pressure filter vessel
receiving solution with organic molecules, the pressure filter vessel including coalescing
media above a solution outlet at the bottom of the vessel whereby solution flows
downward through the coalescing media to the solution outlet. A pump is adapted to
introduce pressurized air into the solution prior to the solution flowing downward
through the coalescing media. The introduced pressurized air causes organic molecules in
the solution to float to the top of the vessel prior to the solution flowing into the

coalescing media. An organic vent outlet is also included and is found at the top of the
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vessel. This vent outlet can open periodically to burp organic molecules floating at the top
of the vessel.

A further aspect of the method of filtering organic molecules from an electrolyte
solution includes adding pressurized air and a solution with organic molecules into a
pressure vessel. The pressure vessel has a solution outlet at its bottom below coalescing
media and an organic vent outlet at the top of the vessel. The solution flows down
through the coalescing media, wherein the air and solution are added to the vessel which
causes organic molecules from the solution to float to the top of the vessel prior to the
solution flowing into the coalescing media. The floating organic molecules are periodically

vented from the vent outlet at the top of the vessel.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a flow diagram illustrating a prior art flotation column and SX filter system;
Figure 2 is a first embodiment of a filter system using dissolved air floatation

according to the present invention; and

Figure 3 is a second embodiment of a filter system using dissolved air floatation

according to the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

Two embodiments of a solvent extraction (SX)/electrolyte filter
system incorporating the dissolved air flotation (DAF) system of the present
invention are illustrated in Figs. 2 and 3. In accordance with the present
invention, the filter systems 100, 200 use small air bubbles in conjunction with
coalescing media to remove organic solution from the electrolyte solution within
a pressurized SX filter vessel.

Specifically, in the Fig. 2 filter system 100, only a SX filter 110 in
a pressure vessel 112 is required. No floatation column is used. Instead, a
dissolved air floatation pump 120 is used to induce dissolved air into the
electrolyte solution at a high pressure (e.g. 100 psig). Specifically, in the Fig. 2
embodiment, the pump 120 Is provided in a recycle loop 124 and receives the
rich electrolyte solution at the inlet of the pump 120. A pressure indicating
transmitter (PIT) 126 may be advantageously provided to monitor the pressure
of the solution (with dissolved air) output from the pump 120. A pressure
reducing valve 130 is also provided to enable the pressure of the solution sent

to the pressure vessel 112 to be controlled.

If the pressure in the vessel 112 is too high, rather than entering
the vessel 112, some of the solution output from the pump 120 will instead pass
back through the recycle loop 124. This may be particularly advantageous if the
system 100 does not maintain consistent pressure in the vessel 112.

Once the solution with the dissolved air is introduced into the
pressure vessel of the SX filter 110, the dissolved air expands at the lower
pressure inside the pressure vessel (e.g., 50 psig) and adheres to the organic
molecules, raising the molecules as the air floats to the top of the vessel 112.
As described in greater detail hereafter, the bubbles from the expanded
dissolved air is particularly helpful in maximizing the removal efficiency of the

organic molecules.
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As the system 100 operates over time, the floated organic
molecules will accumulate at the top of the vessel 112, and once sufficiently full
(as indicated by the level indication transmitter 134), the organic vent outlet 136
at the top of the vessel 112 is opened to periodically essentially “burb” the
floating organic molecules at the top of the solution out of the vessel.

At the same time as organic molecules are being floated to the top
of the solution in the vessel 112, the solution flows downwardly through the SX
filter 110 such as is known so as to pass down through the coalescing media at
the bottom of the vessel 112. In the illustrated filter 110, the coalescing media
at the bottom of the filter 110 includes a top layer 150 of anthracite, a middle
layer 152 of garnet, and a bottom layer 154 of sand. As is known, the
coalescing media will further filter organic molecules from the solution, with the
electrolyte solution with most of the organic molecules removed being output out
the outlet 160 at the bottom of the vessel 112. In fact, it should be appreciated
that the bottom portion of the SX filter 110 may be substantially the same as
prior art SX filters, with the changes in accordance with the present invention
taking place as a result of intentional floatation occurring at the top of its vessel
112

It should also be appreciated that best operation of this system
100 will result in a downward flow of the solution through the coalescing media
which substantially matches the upflow of the floating bubbles. In this manner,
the flow of the bubbles will not hinder the flow of the solution down through the
coalescing media, nor will the downflow of the solution drag down the bubbles
and prevent them from efficiently floating the organic molecules as desired.

The SX filter 110 may thus otherwise operate as is known in the
art (and also illustrated in Fig. 1) to further filter the organic molecules from the
electrolyte solution using the coalescing media at its bottom. However, the
electrolyte solution may, as a result of floatation of the organic molecules in the
top of the vessel 112, have 85 percent of the organic molecules removed prior

to filtering through the coalescing media. In that case, it should be appreciated
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that if the SX filter 10 provides a 90 percent efficiency such as in the prior art,
the filter system 100 of Fig. 2 would have about a 98.5 percent removal
efficiency. For example, if 100 PPM of organic molecules enters the feed 16,
then the filtered solution exiting the SX filter 10 would have only about 1.5 PPM
organic molecules.

As a result, the filter system 100 may produce at higher rates, and
with less down time for filter cleaning operations. In the copper mining industry,
for example, copper may be produced at a higher grade and at an increased
production rate than with comparable prior art SX filters used in combination
with a floatation tower. Moreover, less capital costs will be incurred in the
design of new plants and/or expansion of existing facilities. Still further, it
should be recognized that existing SX/electrolyte filter systems can be easily
modified to incorporate the present invention.

Fig. 3 illustrates a filter system 200 of an alternative embodiment,
wherein comparable components to those of the Fig. 2 embodiment are given
the same number with the first number changed from “1" to “2" (e.qg., the SX
filter is 210 rather than 110, the vessel is 212 rather than 112, etc.).

In the Fig. 3 system 200, a pump 220 is similarly used to induce
dissolved air into the electrolyte solution at a high pressure, but without a
recycling loop. In this system 200, the outlet of the pump 220 goes directly into
the vessel 212, and may be particularly suitable for systems 200 which do not
have significant fluctuations or inconsistencies within the vessel 212 during
operation.

It should thus be appreciated that by introducing saturated
dissolved air to the electrolyte solution as described above and then causing the
pressure of the environment in which the solution is passed to be reduced
relative to the pressure of the dissolved air, air bubbles will be created which will
adhere to the organic molecules and float those molecules to the surface for

removal. Moreover, as compared with the bubbles of the prior art floatation
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columns, the bubbles will be smaller and therefore effectively have more surface
area per unit of bubble volume, which increased surface area will cause more
organic molecules to adhere to the bubbles and float to the top. As a result, the
removal efficiency provided through floatation can be significantly increased
over that provided by prior art floatation columns. in the end, a copper plant, for
example, will be able to produce a higher-grade product, which product can be
sold for a higher per unit price.

Further, it should be appreciated that by reducing the amount of
organic molecules in the solution which travel through the coalescing media of
the filter (relative to the amount in the solution after removal in a floatation
column), the filter will become plugged less frequently and therefore need not be
shut down for cleaning as frequently as in the prior art.

Still further, it should be appreciated that removal of organic
molecules according to the present invention may be accomplished using
equipment which requires less capitol costs than the prior art combination of
floatation column and SX filter. Similarly, such equipment will require fewer
resources forits design, manufacture, installation, and operational maintenance.

Still other aspects, objects, and advantages of the present
invention can be obtained from a study of the specification, the drawings, and
the appended claims. It should be understood, however, that the present

invention could be used in alternate forms where less than all of the objects and

advantages of the present invention and preferred embodiment as described

above would be obtained.
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WHAT IS CLAIMED 1S:

1. A method of filtering organic molecules from an electrolyte solution, comprising:

dissolving air into a solution with organic molecules;

inputting the solution with dissolved air into a filter pressure vessel having coalescing
media above a solution outlet at the bottom of the vessel and an organic vent
outlet at the top of the vessel, said solution input above the coalescing media;

outletting solution from the solution outlet to flow solution down through the
coalescing media; and

periodically venting floating organic molecules from the top of the vessel.

2. The method of claim 1, wherein said dissolving step comprises dissolving air at a

pressure greater than the pressure in the filter vessel.

3. The method of claim 2, wherein said dissolving air step and said outletting step are

controlled to generate a solution flow rate down through the coalescing media which is

substantially equal to the upward floatation rate of dissolved air in the filter vessel.

4. The method of claim 1, wherein said dissolving step is accomplished by a dissolved

air floatation pump.
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5. The method of claim 1, wherein solvent extraction is performed on solution which

passes through said coalescing media.

6. The method of claim 1, wherein said inputting step recycles at least some of said

solution through a pump in response to a high pressure condition in said filter vessel.

7. The method of claim 1, further comprising adjusting the pressure of the input solution

In response to the pressure of the solution prior to said inputting step.

8. A system for filtering organic molecuies from an electrolyte solution, comprising:

a pressure filter vessel receiving solution with organic molecules, said pressure filter
vessel including coalescing media above a solution out let at the bottom of the
vessel whereby solution flows downward through the coalescing media to the
solution outlet;

a pump adapted to introduce pressurized air into the solution prior to the solution flowing
downward through the coalescing media, whereby said introduced pressurized
air causes organic molecules in said solution to float to the top of said vessel
prior to said solution flowing into said coalescing media; and

an organic vent outlet at the top of the vessel, said vent outlet being periodically

openable to burp organic molecules floating at the top of the vessel.

9. The system of claim 8, wherein said filter vessel and coalescing media comprise

a solvent extraction/electrolyte filter.
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10.  The system of claim 8, wherein said system is configured so that the downward

flow rate of said solution through said coalescing media is substantially equal to the upward

flow rate of floating bubbles in said solution in said filter vessel.

11. The system of claim 8, wherein said pressurized air floats at least about 85

percent of said organic molecules in said received solution to the top of said vessel for removal

by burping said vent outlet.

12. A method of filtering organic molecules from an electrolyte solution, comprising:

adding pressurized air and a solution with organic molecules into a pressure vessel, said
pressure vessel having a solution outlet at its bottom below coalescing media
and an organic vent outlet at the top of the vessel;

outletting solution from the solution outlet to flow solution down through the
coalescing media, wherein said air and solution are added to said vessel whereby
organic molecules from said solution are caused to float to the top of said vessel
prior to said solution flowing into said coalescing media; and

periodically venting floating organic molecules from the vent outlet at the top of the

vessel.

13. The method of claim 12, wherein about 85 percent of said organic molecules in

the added solution are caused to float to the top of said vessel beneath said vent outlet without

passing through the coalescing media.

14.  The method of claim 12, wherein said air and said outletting step are controlled

to generate a solution flow rate down through the coalescing media which is substantially equal

to the upward floatation rate of dissolved air in the filter vessel.
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15. The method of claim 12, wherein solvent extraction is performed on solution

which passes through said coalescing media.
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