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CRUD REMOVAL SYSTEM AND METHOD FOR SOLVENT EXTRACTION

FIELD OF THE INVENTION

This invention relates to equipment and methods for the removal of crud
formed at the interface between aqueous and organic phases in solvent extraction
processes for the recovery of metal from metal ores.

BACKGRQUND OF THE INVENTION

A major problem in solvent extraction plants used for the solvent extraction of
metal values from aqueous solutions obtained from the leaching of metal ores is the
formation of interfacial sludge, commonly referred to as gunk or crud. Excess crud
formation can lead to a number of problems, requiring the regular removal of the crud
from the settling tanks. Known methods for the removal of crud are almost all iabor
intensive, i.e. involve the physical removal of the crua by an operator.

Since the crud is at least about 50% organic, it is economically important to
recover most if not all of the entrained organic phase.

The prese;ﬂt invention relates to novel methods and equipment that function
effectively to remove the crud without the need for constant operator monitoring.
SUMMARY OF THE INVENTION |

The process of the invention is carried out by means of at least one rotating
auger (conveyor screw) positioned at the interface between the aqueous and organic
phases in an SX settler used in the solvent extraction process for recovering metal
from metal ores, e.g. copper ores, nickel ores, zinc ores, uranium ores, eic. The
rotating auger(s) are run continuously or intermittently at timed intervals to remove
crud from the liquids interface. The SX setilers are sometimes referred to as mixer-
settlers.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a side view and a top view of a mixer-settler containing a conveyor screw
in accordance with the invention.
Fig. 2 shows the conveyor screw positioned in various configurations of crud collection
troughs.
Fig. 3 shows top and end views of a side option configuration for the location of a crud
discharge collection boxX.
Fig. 4 shows top and end views of a center option configuration for the location of the
crud discharge collection box.
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Fig. 5 shows a side view of an auger screw option for lifting and discharging crud from
the crud collection box.

Fig. 6 shows a side view of a pump option for lifting and discharging crud from a crud
collection box.
Fig. 7 shows an isometric view of a crud removal system of the invention.

Fi9.8 shows a mechanism for raising and lowering a crud collection trough and
conveyor screw for collecting the crud layer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Other than in the operating examples, or where otherwise Indicated, any
numbers expressing quantities of ingredients or reaction conditions used herein are
to be understood as modified in all instances by the term “about”.

The term “crud” or “gunk” as may be used herein is understood io mean
interfacial sludge, which is a solid stabilized emulsion layer at the interface of the
aqueous and organic layers comprising from about 50 to about 60% organic solvent “
containing fine particulate matter. The interfacial sludge can range from a thick jelly-
like consistency to a solid. The fine particulate matter can include alpha-quariz,
micas, clays, jarosites, gypsum, and often varieties of bacteria such as penicillin and
actinomyces.

The crud is formed by the mixing of an organic phase with an aqueous phase
containing solids. The solids enter the SX circuit by four primary methods, i.e. by
suspension in the pregnant leach solution, by post-precipitation after entering the SX
circuit by changes in the pH and/or air entrainment, by airborne dust and debris, and
by bacterial growth. One particular source of excessive crud formation is caused by
storms, the runoff from which carries fine dirt into the aqueous ponds used as the
source of the aqueous phase in the solvent extraction process. The present invention
can successtully handle even this problem.

The process and equipment used in the practice of the invention will now be
described in conjunction with the drawings.

In Figure 1, side view, the mixer-settler tank 1 is equipped with a mixer blade
2 driven by a motor 3. Pipe 4 entering the bottom of tank 1 is an inlet pipe for the
organic phase. Pipe 5 is an inlet pipe for the aqueous phase. The mixture of organic
and aqueous phases flows over overflow weir 6 and through picket fence 7 where the
mixture separates into an upper organic phase 8, a lower aqueous phase 9, and an
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interfacial crud layer 10.

Rotatable conveyor screw 11 Is shown poSitioned in collection trough 12.
Conveyor screw 11 when rotated moves the crud into crud collection box 13. However,
conveyor screw 11 does not have to be positioned in a collection trough. Conveyor
screw 11 can be suspended at the interface by hangers (not shown), where it can turn
slowly at the interface by operation of organic overflow weir 14, thus moving the crud
across the settler to one corner where it can then be removed. With this configuration,
crud collection box 13 would not be needed.

The organic layer 8 flows over organic overflow weir 14 and then through outlet
pipe 15. The aqueous layer 9 flows over aqueous overflow weir 16 and then through
outlet pipe 17.

In Figure 1, top view, mixer settler tank 1 contains motor 3 attached to mixer
blade 2 (not shown) in mixer section 18, with organic inlet pipe 4 and aqueous inlet
pipe 5. In settler section 19, overflow weir 6 and picket fence 7 are shown, with crud
layer 10, rotatable conveyor screw 11, collection trough 12, crud collection box 13,
organic overflow weir 14, outlet pipe 15, aqueous overflow weir 16, and outlet pipe 17.

Conveyor screw 11 is preferably made of a hard inert plastic, although metal
screws such as titanium, stainless steel, or other metals not affected by the organic
and aqueous phases can also be used. The spacing of the screw, the size of the
shaft, and the diameter of the screw vanes around the shaft are not critical and can
be adjusted as required or desired. The conveyor screw is rotated by any convenient
variable speed drive system (not shown) such as pneumatic, mechanical chain drive,
electric and the like, attached to the end of the conveyor screw opposite to the end
closest to the crud collection box.

The drive system can be operated continuously or intermittently, preferably by
means of a timer to automatically control the duration and frequency of the operations.

Collection trough 12 is optional but preferred. Figure 2 shows side views of
various possible configurations (options 1-4) of the collection trough 12 shown in
Figure 1. In option 1, collection trough 12 is positioned on or near organic overflow
weir 14, with rotatable conveyor screw 11 inside collection trough 12. Crud layer 10
flows into collection trough 12 as shown.

Figure 2, options 2, 3 and 4 show other configurations that can be used for
collection trough 12.
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Figure 3 shows a top view and an end view of the rotatable conveyor screw 11
and crud collection box 13 in which crud collection box 13 is positioned at the side of

settler section 19 of the mixer-settier tank.

In the Top View of Figure 3, conveyor screw 11 is positioned against one wall
of settler section 19, and organic overflow weir 14, with crud collection box 13
positioned against the opposite wall of settler section 19. The organic and aqueous
layers flow in the direction shown by arrow 20. Crud layer 10 is shown with arrow 21
showing the direction of crud flow inside collection trough 12 when conveyor screw 11
is rotated as shown by arrow 22.

In the End View of Figure 3, showing conveyor screw 11, collection trough 12,
organic overflow weir 14, and crud collection box 13, arrow 23 shows the direction of
crud flow in collection trough 12 when conveyor screw 11 is rotated as shown by arrow
22.

Figure 4 shows top and end views of a center configuration for the location of
crud collection box 13.

In the Top View of figure 4, two conveyor screws 11 are present, each attached
to a drive mechanism (not shown), in which the drive mechanisms are positioned near
opposite walls of settler section 19. Alternatively, a single shaft (not shown) can be
employed which is positioned across the setiler with clockwise and counter clockwise
augers on opposite ends so that the crud is swept to the center.

Crud collection box 13 is positioned in or about the center of settler section 19.
Arrows 23 show the directions of crud flow in the sections of collection trough 12.

The End View of Figure 4 shows organic overfiow weir 14, the walls of settler
section 19, collection trough 12, conveyor screws 11, crud collection box 13, and
arrows 23 showing the directions of crud flow in the sections of collection trough 12.

Figure 5 shows a side view of the use of an auger screw to remove and
discharge the crud from crud collection box 13.

Crud discharge auger 24 is positioned in crud collection box 13, preferably at
an angle, although a vertical auger can also be employed. Crud discharge auger 24
is activated by motor 25. Figure 5 also shows settler section 19, conveyor screw 11,
collection trough 12, organic overflow weir 14, aqueous overflow weir 16, crud layer

10, and outlet pipes 15 and 17.

Figure 6 shows a side view of the use of a crud discharge pump to remove ana
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discharge the crud from the crud collection box 13.

In Figure 6 crud discharge pump 26 is positioned in crud collection box 13, also
preferably at an angle, although vertical placement of the pump can also be employed.
Figure 6 also shows settler section 19, conveyor screw 11, collection trough 12,
organic overflow weir 14, aqueous overflow weir 16, crud layer 10, and outlet pipes 15
and 17/.

Figure 7 is an isometric view of the crud removal system of the invention.

In Figure 7, conveyor screw 11 is positioned in collection trough 12. Collection
trough 12 is attached to or positioned near organic overflow weir 14. Conveyor screw
11 is activated by drive means 26. Collection trough 12 is attached to brackets 27
which are mounted on the opposite walls of settler section 19. Crud discharge pump
or auger 28 is positioned in crud collection box 13. Also shown is aqueous overflow
weir 16.

Figure 8 shows a mechanism for raising or lowering the crud collection trough
and conveyor screw for more efficient collection of the crud layer.

In Figure 8, frame 29 rests on the top of the walls of settler section 19. Channel
guide posts 30 are attached to the walls of settler section 19. Threaded rods 31 are
positioned in the frame as shown, to which are attached wing or other adjustable nuts
32. Collection trough 12 can be raised or lowered by adjusting nuts 32. This Is in
effect a jack screw type mechanism that can be manually or mechanically driven to
raise or lower the auger mechanism and position it at the interface.

The crud that is removed by the methods and equipment of the invention can
then be processed in conventional ways, such as by the use of a centrifuge, by
treatment with clean organic, by the use of chemicals, by the use of a filter press, efc.

The advantages of the present invention include the following:

1. Permits the removal of crud from a solvent extraction mixer-settler on a

continuous or intermittent basis with minimum supervision by an operator.

2. The variable speed control for rotating the conveyor screw permits fine-

tuning the removal of crud. For example, when crud introduction increases the

speed control is increased .

3. The mounting of the crud discharge auger or pump in the crud collection

box combined with the adjustable mechanism for raising or lowering the crud

collection trough permits positioning of the conveyor screw or screws in the
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crud layer if and when the crud layer varies in its size and position.

4. Allows the continuous recycle of any aqueous and/or organic solutions
that may exit with the crud removed from the system, thereby reducing the
need for high circuit organic inventories when the crud is sent to a large crud
holding tank. Since a continuous but smaller volume leaves the settler in the
present invention, a much smaller holding vessel is needed to separate any
organic and/or aqueous solutions that may exit with the crud.

5. Allows for a more stable operation of the solvent extraction circuit since
the crud removal can be carried out on a continuous basis, which results in
lower unit costs and improved metal quality.
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What is claimed is:

1. A process for the removal of crud present at the interface between aqueous
and organic layers in an SX settler in a solvent extraction process for the refining of
a metal ore comprising the steps of
A) positioning at least one horizontal rotatable auger inside the settler at or
near said interface to move the crud continuously or Intermittently to a
collection arid removal area: and

B) -~ removing the crud from the collection and removal area.

2. The process of claim 1 wherein the process is carried out in an SX setiler used
In the refining of a copper ore, uranium ore, nickel ore, or zinc ore.

3. The process of claim 1 wherein the collection and removal area is a collection
box positioned inside the settler.

4. The process of claim 1 wherein step B) is carried out by means of a second
rotatable auger or by means of a pump.

S. The process of claim 1 wherein the at least one rotatable auger is activated by
drive means attached to one end of the auger.

6. The process of claim 1 wherein the process is carried out with one horizontal
rotatable auger.

7. The process of claim 1 wherein the process is carried out with a plurality of
rotatable augers.

8. The process of claim 1 wherein step A) of the process is carried out
continuously.

9. In an SX settler, the improvement wherein at least one rotatable auger is
positioned in the settler to remove crud present at the interface between aqueous and
organic phases when the settier is in an operational mode.



CA 02418702 2003-02-06
WO 02/13939 PCT/US01/23821

10.  The SX settler of claim 9 wherein a crud collection box is positioned in the
settler to receive the crud when the at least one auger is rotated.

11.  The SX settler of claim 9 wherein the at least one rotatable auger Is positioned
in a collection trough.

12. The SX settler of claim 9 wherein the at least one rotatable auger iIs composed
of hard plastic.

13.  The SX settler of claim 10 wherein a second rotatable auger or a pump is
positioned in the crud collection box to remove crud from the settler.

P

14, The SX settler of claim 9 wherein the at least one rotatable auger is attached
to drive means.

15.  The SX settler of claim 9 wherein a single rotatable auger is preseht.

16.  The SX settler of claim 9 where a plurality of rotable augers are present.
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