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< (57) Abstract: A thickening tank (1) has a peripheral overflow launder (2) and a centrally disposed feed well (8). Feedstock slurry

is fed through a duct (25) to a mixing box (24) which also receives a controlled flow of supernatant liquid from a side opening (21).
¢, The mixture from the box (24) supplemented by flocculated material flows into the interior of the feed well by way of a pipe (19)
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& side opening (21) is delivered at a controlled rate from a receiving vessel (17). This is formed by an upright cylinder provided at its
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of a vertical drive shaft (21) extending axially through the receiving vessel (17). The feed well (8) is surrounded by a second launder
(12) which is closed at its base(13) and is formed in the base with a cup ((16). The lower end of the receiving vessel (17) is spaced
from the floor of the cup so that it draws supernatant liquid exclusively from the second launder rather than from the interior of the
thickener tank (1). Undesirable changing current flows in the tank are thus avoided when the rate of delivery of supernatant liquid
to the mixing box (24) is changed by the controller (22).
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Improvement In Or Relating To Thickeners
Having Self-Diluting Feedwell

IMPROVEMENTS IN OR RELATING TO THICKENERS

-Field of the invention

THIS INVENTION relates to a method and apparatus for the dilution of a thickener feed
to a thickener tank and is concerned, although not exclusively so, with industries in which
liquid is separated from solids in suspended pulps. One such industry occurs in the field
of mineral extraction and mineral processing. Another such industry occurs in the
operation of clarifiers used in the treatment of sewage. For convenience the invention will
hereinafter be described with reference to the extraction of mineral ore from a feedstock
slurry but it is to be understood that the invention is also applicable to other industries

where thickening of a feedstock is required.

State of the art

A typical thickener takes the form of an upright cylindricél tank havih'g‘ a feed well
situated concentrically within it. Feedstock in the form of a slurry is introduced into the
feed well by way of a feed channel. A controlled amount of supernatant liquid is also
introduced into the feed well to dilute the feedstock if required. During operation of the
thickener tank, a flocculent is introduced into the diluted feedstock to enhance settling of
the mineral ore in the tank, so that solids settle to a compaction zone towards the bottom
of the tank and flocculated material settles in a hindered settling zone which forms above
the compaction zone. Supernatant liquid accumulates in the tank above the hindered
settling zohe and is removed by way of an overflow launder which encircles an upper

portion of the tank.
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The floor of the tank is of frusto-conical shape and slopes downwardly towards a
centrally-located underflow outlet. Solids collecting on the floor of the tank are raked

gently towards the outlet and are removed through it.

The use of flocculants will, in many cases, greatly enhance the settling rates of the solids
through the tank. This allows the tank size for a.given installation to be reduced. The
process of flocculation may also often be improved by dilution of the feedstock. However
as the feedstock density is generally determined by processes occurring upstream of the
thickening tank, several techniques have been developed to dilute the feedstock by
transferring back into it some of the supernatant liquid collected in the upper portion of

the tank or in the overflow launder.

One such technique involves the use of the difference in densities of the liquid in the
thickener tank, and the feedstock in the feed well. The transfer of liquid from the tank to
the feed well then takes place by gravity. '

Another technique involves pumping supernatant liquid collected in the peripheral
overflow launder encircling the upper portion of the thickener tank, back into the stream

of feed slurry flowing towards the tank.

Yet third technique is to pump supernatant liquid from the thickener tank back into the
stream of feed slurry flowing towards the tank.

Each of the above techniques proposed or used in the prior art has attendant
disadvantages. The use of gravity and differential densities, although simple, lacks good
control. This technique also is dependant upon the prevailing operating conditions of the
installation and often mitigates against the transfer of large volumes of supernatant liquid
from the thickener tank to the stream of feed slurry flowing towards-~ it. The technique

involving the pumping of dilution liquid collected in the peripheral overflow launder

surrounding the tank, involves additional expense. This results from the increased

constructional costs associated with the provision of a larger tank together with additional
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pipe work extending between the launder and the feed well. Finally the technique of
submerging or partly-submerging pumping apparatus inside the thickening tank in one or
more positions can disrupt the smooth flow of liquid through the tank and traveling
radially outwards towards the overflow launder. This follows from the risk of occurrence
of changing, highly localized, rising flow rates occurring inside regions of the tank.
These can adversely affect the clarity of the supernatant liquid entering the overflow
launder with consequential operational problems caused by the changing liquid flow
patterns inside the tank with different levels of operation of the pumping apparatus. For
instance, the location of the pumping apparatus above the hindered settling zone will
result in the smooth, radially-outward flow of supernatant liquid towards the launder
being disrupted by regions of upward suction of the supernatant liquid, which occur
beneath the locations of the pumping apparatus. Such disruption can result in a thick and
even layer of ﬂocculated. rhaterial residing in the hindered settling zone being partially
broken up and, as a consequence, some of the flocculated material being carried with the
supernatant liquid into the overflow launder to adversely affect its clarity as well as the
efficient working of the thickening tank through regions of depletion of the flocculated

layer in the hindered settling zone.

Obiject of the invention

An object of this invention is to provide a way of operating a thickening tank so as to

reduce or avoid the disadvantages referred to above.
The invention

In a first aspect of the invention there is provided a thickening tank having an overflow
launder and a feed well provided with a second launder, and means for transferring

supernatant liquid at a controlled rate exclusively from the second launder to a slurry

feedstock supplied to the feed well.
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In a second aspect of the invention there is provided a method of operating a thickener
tank, comprising introducing into a feed well in the central region of the tank a feedstock
containing a flocculated material and diluted with supernatant liquid drawn off from the
tank, forming a compaction zone in the lower portion of the tank, progressively removing
particulate solid material from the compaction zone through a bottom outlet to the tank,
forming a hindered settling zone from the flocculated material above the compaction
zone and in an intermediate- portion of the tank, collecting supernatant liquid in an upper
zone of the tank above.the hindered settling zone, producing a flow of supernatant liquid
in the upper zone of the tank and which has a symmetrical and generally frusto-conical
flow pattern leading outwardly and upwardly towards a peripheral overflow launder
positioned at the surface of the supernatant liquid around the upper zone of the tank,
supplying a feedstock slurry to a feed well positioned centrally in the upper zone of the
tank and having a surrounding second launder beneath the level of the overflow launder
and into which supernatant liquid flows from the tank in a direction which is radially
inwards of the second launder, supplying a receiving vessel with supernatant liquid
withdrawn exclusively from the second launder, and pumping supernatant liquid at a

required controlled rate from the receiving vessel to effect dilution of the feedstock

In a third aspect of the invention there is provided a thickening tank haviné ;1 feed well in
the central region of its upper portion, an overflow launder arranged around the
periphery of the upper portion of the tank and into which supernatant liquid can flow in a
generally frusto-conical and radially outwards direction in the upper portion of the tank,
means for delivering a mixture of flocculated material and feedstock to the feed well, a
second launder surrounding the feed well and into which supernatant liquid from the
upper portion of the tank can flow, a receiving vessel arranged to receive supernatant
liquid exclusively from the second launder, a lift pump in the receiving vessel arranged

to transfer supernatant liquid at a controlled rate from the second launder to feed stock

entering or present in the feed well.
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In a fourth aspect of the invention there is provided a feed well for fitting to a thickening
tank provided with a peripheral overflow launder and comprising: a cylindrical casing
open at its underside for discharging diluted feedstock downwardly towards a baffle plate
spaced beneath the feed well, a second launder attached to the outside of the feed well
and having its underside closed, a cup formed in the underside of the second launder and
containing the lower end of a receiving vessel containing a lift pump which operates by
drawing superhatant liquid exclusively from the second launder by way of the receiving
vessel, and means for operating the pump in a controlled manner to pump supernatant

liquid the receiving vessel to feedstock supplied to it.

Advantages of the invention

The invention enables a substantial saving in the cost of flocculent per ton of solids in the
feed stock, to be achieved. Furthermore, the use of the second launder enables an
improved flow pattern of liquid inside the tank to be obtained. Finally a reduction in the
cost of consumables js obtainable. These advantages follow from the fact that when
supernatant liquid required for diluting the feedstock is drawn directly by a receiving
vessel from the interior of the tank in the vicinity of the feed well, an upward flow of the
supernatant liquid occurs inside the tank. Localized disturbance of the bed of flocculated
material results from this upward flow, and flocculated material is then entrained in the
supernatant liquid flowing towards the overflow laﬁﬁder. The risk of disturbance of the
bed of flocculated material is much reduced when the supernatant liquid for diluting the

feedstock is obtained from the second launder rather than from the thickening tank itself.

Introduction to the drawings

The invention will now be described in more detail, by way of example, with reference to

the accompanying largely diagrammatic and greatly simpliﬁed drawings, in which:-

" Inthe drawing"s



10

15

20

25

WO 2009/070831 PCT/AU2008/001782

FIGURE 1 is a plan view of a thickening tank; and,
FIGURE 2 is a vertical section through the thickening tank of figure 1 and shows the
flows of supernatant liquid by way of arrows, and, in broken outline, a modification of a

baffle plate used in the tank.

Description of preferred embodiment

Figure 1 shows an upright cylindrical thickening tank 1 having a peripheral overflow
launder 2 extending around the inside of an upper portion 3 of the tank. The launder is
closed at its base 4 and it has an inner cylindrical wall 5. Supernatant liquid from the
upper portion 3 of the tank 1 flows symmetrically in a radially outwards direction into the

launder 2.

A feed well shown generally at 8 is mounted in the central region of the upper portion 3
of the thickener tank 1 and comprises a cylindrical casing 10 open at its underside 11 and
surrounded by a second launder 12 arranged slightly beneath the level of the overflow
launder 2. The second launder has its base 13 closed and its external wall 14 is formed
with a V-notch weir 15 or horizontal wet edge which allows supernatant liquid to enter
the launder. The second launder may be formed with circumferentially-spaced parts (not
shown) which are individually vertically adjustable in a controlled manner to ensure a

smooth and even flow of liquid into the launder from the tank.

The base 13 of the second launder 12 is formed with one or more circumferentially
spaced cups 16. Each cup 16 contains the lower end of a receiving vessel 17 which is in
the form of an upright cylinder having its lower end spaced from the floor of the cup 16.
An impeller 20 rotated by a drive shaft 21, extends coaxially upwards through the
receiving vessel 17 to a controller 22 at its upper end. An upper, side opening 23 in the

receiving vessel 17 recelves supernatant liquid pumped upwardly by the impeller 20. The

- _supernatant liquid flows out of the receiving vessel 17 in a lateral direction and into a

~ mixing box 24 which opens into the upper interior of the feed well 8 through a pipe 19.
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A feedstock delivery channel 25 slopes downwardly into the mixing box 24 and
discharges feedstock slurry into it where it is diluted by supernatant liquid added in a
controlled manner by operation of the impeller 20. The parts of the receiving vessel are
so arranged that there is no back flow into it of solid material from the mixing box if the

impeller is not operating.

A conical baffle plate 26 is spaced beneath the lower end of the feed well 8. The purpose
of the baffle plate is to deflect diluted slurry flowing from the underside of the feed well
8 into the form of a circular curtain of particulate material which descends slowly through
a bed of flocculated material established in a hindered settling zone 29, and collects in a
compaction-zone 28 formed on a conical base 30 of the thickener tank 1. A rake 31
sweeps slowly around the conical base 30 to move particulate material from the
underside of the compaction zone 28 towards a central outlet 32 from which it is

discharged in a thickened form.

Operation of the preferred embodiment

Flocculated material discharged from the bottom of the feed well 8 permeates through
the hindered settling zone 29 which is a thick bed disposed immediately above the
compaction zone 28. It is of importance that flocculated material in the settling zone is
disturbed as little as possible so that it is not entrained in the current of supernatant liquid
flowing radially outwardly and upwardly towards the overflow launder 2. Such a current
is depicted in figure 2 by the arrows “A”. An undesirable disturbance of the flocculated
bed beneath the feed well 8 is likely to occur if there is a localized upward movement of
supernatant liquid in thé tank such as would occur were the receiving vessel to withdraw

the liquid directly from the tank itself rather than exclusively from the second launder.

The arrows depicted at “B” in figure 2 shows the flows of supernatant around the feed

- well 8 to the level of the V-notch weir or horizontal wet edge 15 of the second launder.

' These flows B are influenced symmetrically by the operation of the impeller in the
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receiving vessel because the upward flow of supernatant liquid extends along a broad
generally annular path surrounding the feed well and leading to the peripheral edge of the
second launder and not, as is the case with some of the prior art, converging on a point
on the receiving vessel from which the liquid is actually extracted directly from the

thickener tank.
When the thickening tank is operating, the physical layout of the described parts results

in negligible interaction between the liquid flows A and B, and the flows themselves are

gentle, thus giving consistent operational parameters not achievable with the prior art .

Modifications of the embodiment

The second launder may be provided with more than one receiving vessel. However it is
important that when pumping is occurring, the supernatant liquid used for dilution of the
feed stock is drawn exclusively by the receiving vessel from the second launder and not

from the interior of the thickening tank.

Although in the embodfment illustrated the second launder is positioned outside the feed
well, it may also be positioned inside the feed well so as to line the inside wall of the feed
well casing. Openings are then provided in the feed well casing to allow supernatant
liquid to enter the launder. The launder, together with its receiving vessel and pump, is so
arranged inside the feed well casing that the slurry in the feed well cannot enter the

second launder or receiving vessel,even when the impeller is stationary.

The conical baffle plate 26 may be replaced by a flat, circular horizontal baffle plate as

shown in broken outline in figure 2, if preferred..

Also, the mixing of the drawn-off supernatant liquid with the incomihg feedstock may

occur in the feed well itself, in the feedstock delivery channel upstream of the mixing

: 'box, or in drop box which takes the place of the mixing box..
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9
Finally operating parameters should be established to ensure that the desired symmetrical
flows denoted by the arrows A and B are always maintained during operation of the
thickener tank to ensure that there is the minimum loss of entrained solids into the
overflow launder and the maximum clarity of supernatant liquid collected in the two

launders is maintained.
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CLAIMS

1. A thickening tank having an overflow launder and a feed well provided with a second
launder; and means for transferring supernatant liquid at a controlled rate exclusively

from the second launder to a slurry feedstock supplied to the feed well.

2. A method of operating a thickener tank, comprising introducing into a feed well in the
central region of the tank a feedstock containing a flocculated material and diluted with
supernatant liquid drawn off from the tank, forming a compaction zone in the lower
portion of the tank, progressively removing particulate solid material from the
compaction zone through a bottom outlet to the tank, forming a hindered settling zone
from the flocculated material above the compaction zone and in an intermediate portion
of the tank, collecting supernatant liquid in an upper zone of the tank above the hindered
settling zone, producing a flow of supernatant liquid in the upper zone of the tank and
which has a symmetrical and generally frusto-conical flow pattern leadihg outwardly and
upwardly towards a peripheral overflow launder positioned at the surface of the
supernatant liquid around the upper zone of the tank, supplying a feedstock slurry to a
feed well positioned centrally in the upper zone of the tank and having a surrounding
second launder beneath the level of the overflow launder and into which supernatant
liquid flows from the tank in a direction which is radially inwards of the second launder,
supplying a receiving vessel with supernatant liquid withdrawn exclusively from the

second launder, and pumping supernatant liquid at a required controlled rate from the

20 receiving vessel to effect dilution of the feedstock

3. A thickening tank having a feed well in the central region of its upper portion, an
overflow launder arranged around the periphery of the upper portion of the tank and into

which supernatant liquid can flow in a generally frusto-conical and radially outwards
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11
direction in the upper portion of the tank, means for delivering a mixture of flocculated
material and feedstock to the feed well, a second launder surrounding the feed well and
into which supernatant liquid from the upper portion of the tank can flow, a receiving
vessel arranged to receive supernatant liquid exclusively from the second launder, a lift
pump in the receiving vessel arranged to transfer supernatant liquid at a controlled rate

from the second launder to feed stock entering, or present, in the feed well.

4. A feed well for fitting to a thickening tank provided with a peripheral overflow launder
and comprising: a cylindrical casing open at its underside for discharging diluted
feedstock downwardly towards a baffle piate spaced beneath the feed well, a second
launder attached to the outside of the feed well and having its underside closed, a cup
formed in the underside of the second launder and containing the lower end of a receiving
vessel containing a lift pump which operates by drawing supernatant liquid exclusively
from the second launder by way of the receiving vessel, and means for operating the
pump in a controlled manner to pump supernatant liquid from the receiving vessel to

feedstock supplied to it.

5. A feed well as claimed in claim 4, in which an axially-extending section of the feed

well casing provides an inner wall to the second launder.

6. A thickening tank as claimed in claim 1, in which the second launder is provided
inside the feed well which is formed in its wall with openings through which supernatant

liquid from the tank can enter the second launder.

7. A method as claimed in claim 2, in which the feed well extends into the thickening
tank beyond the interface between the hindered settling zone and the layer of supernatant

liquid above it.

8. A thickening tank as claimed in claim 1 or claim 3, in which a feedbox is arranged

upstream of the feed well and is connected to receive feed stock slurry and supernatant

- diluting liquid and to mix them together before supplying the mixture to the feed well.
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9. A thickening tank as claimed in claim 1 or claim 3, in which dilution of the feedstock

with supernatant liquid occurs within the feed well.
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