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Abstract

A decanter centrifuge for separating a feed
suspension of particulate solid material in a liquid
medium into a light fraction comprising a suspension of
relatively light particles in the liquid medium and a
heavy fraction comprising a suspension of relatively
heavy particles in the liquid medium, which centrifuge
comprises an elongated bowl having a first closed end, a
second closed end and a side wall between the ends,
bowl being mounted for rotation within, and coaxially
with the bowl, driving means for rotating the bowl and
the scroll about their common axis whereby the scroll and
the bowl can be rotated with different rotational speeds,
means for delivering feed suspension into the bowl in a
delivery region inside the bowl, a plurality of first
outlets provided in the wall of the bowl for discharging
the heavy fraction from the bowl and one or more second
outlets provided at or near to the first end of the bowl
for discharging the light fraction from the bowl and
wherein the delivery region is nearer to the second end
of the bowl than to the first end of the bowl and the
first outlets are located close to the delivery region.

The centrifuge is particularly suitable for
concentrating an aqueous suspension of an inorganic
particulate mineral material or for separating such a
material into heavy and light fractions, eg. to produce a
finer fraction product. Such a material may be one of

the known materials useful as inorganic pigment,
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or extender materials,

eg. kaolin, metakaolin,

carbonate, calcium sulphate and the like.
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Decanter Centrifuge

The present invention relates to a decanter
centrifuge.

The invention concerns apparatus for centrifugally
separating a suspénsion of a particulate solid material
in a liquid medium into an overflow stream comprising a
suspension of relatively light particles in the liquid
medium and an underflow comprising a generally more
concentrated suspension of relatively heavy particles in
the liquid medium. If the particulate material comprises
particles which have substantially the same density but
different sizes the relatively heavy particles will be
those having larger sizes. Alternatively, the apparatus
may be used for separating the denser particles from a
mixture comprising particles of similar size but
different densities. The invention also concerns a
process in which apparatus of the type described above is
used to classify a particulate mineral material in
suspension in a liquid into a fine particle size fraction
and a coarse particle size fraction. The invention also
concerns a process wherein a suspension of a particulate
material is concentrated, eg. wherein an aqueous
suspension is concentrated by dewatering, by use of such
an apparatus.

Many types of decanter centrifuge are used in
commerce for separating particles suspended in a liquid
medium into a relatively heavy fraction and a relatively
light fraction or for concentrating such suspensions.

These centrifuges generally have the common feature that
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they comprise a centrifuge bowl which is cylindrical or
frusto-conical in shape, or has both a cylindrical and a
frusto-conical section, the longitudinal axis of the bowl
being generally horizontal. The bowl is rotated by means
of an electric motor about its longitudinal axis at a
speed such as to generate a centrifugal acceleration many
times that of gravity. A suspension in a liquid
containing particles to be classified according to size
or weight is introduced into the interior of the rotating
bowl and forms a pond of annular cross section around the
peripheral region of the bowl. The heavier particles are
preferentially flung to the walls of the bowl, the
lighter particles tending to remain in suspension. A
scroll mechanism in the form of a helical screw is
mounted inside the bowl and is rotatable about the same
longitudinal axis as the bowl. The scroll mechanism is
driven by the same electric motor as the bowl, through a
gearbox which causes the scroll mechanism to rotate at a
different speed from that of the bowl, and in a direction
such as to convey the suspension of heavier particles
which is deposited on the wall of the bowl towards one
end of the bowl where suitable discharge ports for this
fraction are provided. Alternatively, the scroll
mechanism may be driven by its own independent motor. In
the case in which the bowl has a frusto-conical section,
the heavy fraction is generally discharged at the end of
the bowl which has the smaller diameter as this
arrangement makes it possible for the heavy fraction to

be drawn up an inwardly tapering region of the bowl wall
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through the inner surface of the pond on to a relatively
dry "beach", so that some draining of this fraction can
take place, and a relatively dry heavy fraction can be
obtained.

United States Patent Specification No. 5234400
(Kluge) describes a decanter centrifuge which has an
elongated bowl rotating about a horizontal axis. The
overall length of the bowl is generally about four times
the greatest diameter of the bowl, and the bowl has a
relatively long cylindrical section and a relatively
short frusto-conical section, the length of the
cylindrical section being about four times that of the
frusto-conical section. A feed suspension of particulate
solid material in a liquid is introduced close to the
cylindrical end of the bowl and forms a pond of annular
cross section which flows along the bowl towards the
frusto-conical end. Relatively heavy particles sediment
preferentially against the wall of the bowl and are
conveyed towards the frusto-conical end by means of a
helical scroll which rotates at a speed slightly
different from that of the bowl. A plurality of
discharge nozzles for the heavy fraction is provided a
short distance from the frusto-conical end of the bowl
disposed around a transverse section of the bowl of
diameter close to, or equal to, the greatest diameter of
the bowl, and the light fraction is discharged through
openings at the extreme end of the frusto-conical part of

the bowl, the openings being disposed around a transverse
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section of the bowl of diameter close to the smallest
diameter of the frusto-conical part of the bowl.

German Offenlegungsschrift 3620912 - (Klockner-
Humboldt-Deutz) describes a solid bowl scroll centrifuge
for separating particles in suspension in a liquid wherein
the suspension in the bowl is moved in one direction by a
scroll in co-current flow. With the suspension being
introduced at a first end of the bowl and moving from the
first end to a second end of the bowl, the light fraction
is discharged at the first end, and the heavy fraction is
discharged at the second end through nozzles.

United States Patent Specification No. 3682623 (bye-
Jorgensen et al.) describes a solid bowl scroll centrifuge
for separating particles in suspension in a liquid wherein
the feed suspension is introduced into a first end of the
bowl and both the heavy fraction and the light fraction
are discharged at, or near, a second end of the bowl.

The above discussion of background art is included to
explain the context of the invention. It is not to be
taken as an admission that any of the documents or other
material referred to was published, known or part of the
common general knowledge in Australia as at the priority
date of any one of the claims of this specification.

According to the present invention in a first aspect
there is provided a decanter centrifuge for separating a
feed suspension of particulate solid material in a liquid
medium into a light fraction comprising a suspension of
relatively light particles in the liquid medium or liquid
medium containing substantially no particles and a heavy
fraction comprising a suspension of relatively heavy
particles in the liquid medium, which centrifuge comprises
an elongated bowl having a first closed end, a second
closed end and a side wall between the ends, a helical
scroll mounted for rotation within, and coaxially with the
bowl, driving means for rotating the bowl and the scroll
about their common axis, whereby the scroll and the bowl
can be rotated with different rotational speeds, means for
delivering the feed suspension into the bowl in a delivery
region inside the bowl, a plurality of first outlets
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provided in the side wall of the bowl for discharging the
heavy fraction from the bowl and one 'or more second
outlets provided at or near the first end of the bowl for
discharging the light fraction from the bowl, wherein the
delivery region is nearer to the second end of the bowl
than to the first end of the bowl and the first outlets
are located close to the delivery region, the delivery
region being nearer than the first outlets to the second
end of the bowl.

By “relatively heavy' particles is meant particles
which are heavy compared with any particles contained in
the light fraction. )

The said delivery region may comprise one or more
regions inside the bowl wherein the feed suspension is
injected to be treated by the centrifuge. The delivery
region may be one or more regions between adjacent turns
of the scroll. When the centrifuge is in operation the
feed suspension in the delivery region may be in a
turbulent state.

Preferably, the distance, measured 1longitudinally
along the bowl between the centre of the delivery region
and the first outlets is less than 0.3L, more preferably
less than 0.1L, desirably between 0.1L and 0.05L, where L
is the length of the internal cavity of the bowl.

The scroll may conveniently be provided on, eg. fixed
or bonded to or formed integrally with, an axially
extending tubular member having inlet openings through
which the feed suspension can be delivered. The said
delivery region thereby comprises one or more regions
extending into the cavity of the bowl from the inlet
opening(s). Such region(s) may be regions which generally
are level (in a transverse sense relative to the axis of
the bowl) with the opening(s). The inlet openings may be
a plurality of openings disposed on an arc extending
circumferentially around the axis of the tubular member.
Thus, the average distance measured longitudinally along
the bowl between the centre of the said inlet openings and
the said first outlets, is preferably less than 0.3L, more
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preferably less than 0.1L, desirably between 0.01L and
0.05L, where L is as defined above.

A means for delivering feed suspension may include a
feed pipe extending along the inside of the said tubular
member from the first end of the bowl and an enclosure
formed inside the tubular member in a region which
includes the said openings, the feed pipe having an open
end in the enclosure whereby feed suspension delivered
along the feed pipe debouches into the enclosure and can
exit the enclosure via the inlet openings to enter the

said delivery region.
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The wall of the bowl may comprise a section of
narrowing diameter near to the second end of the bowl.
This section may be shorter in length than the remainder
of the bowl and may comprise a frusto-conical section
having its narrowest diameter adjacent to the second end.
The major part of the wall of the bowl may have a right
circular cylindrical form.

In a preferred form of the centrifuge according to
the present invention, the wall of the bowl comprises a
frusto-conical section adjacent to the second end of the
bowl and a right circular cylindrical section extending
from the frusto-conical section to the first end of the
bowl. Preferably, the said first outlets in the wall of
the bowl and desirably also the said delivery region (eg.
inlet openings) are close to the junction between the
frusto-conical section and the cylindrical section,
conveniently in or inside (as appropriate) the
cylindrical section.

The ratio of the overall length of the bowl to the
greatest diameter of the bowl may be in the range of from
2:1.to 5:1, and is preferably from about 3:1 to about
4:1. The ratio of the longitudinal distance of the
centre of the delivery region to the second end of the
bowl to the longitudinal distance of the centre of the
delivery region to the first end of the bowl may be in
the range of from 5:1 to 10:1, and is preferably from
about 6:1 to about 8:1. Where the centrifuge according
to the present invention is in the said preferred form,

the ratio of the length of the cylindrical section to the
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length of the frusto-conical section may be in the range
of from 5:1 to 10:1, preferably from 6:1 to 8:1.

The helical scroll may in use be rotated at a speed
relative to that of the bowl, and in a direction, such
that the material of the heavy fraction which is
sedimented against the wall of the bowl by centrifugal
action is conveyed by the scroll in the direction from the
first end of the bowl toward the second end (or toward the
first openings) and the light fraction moves toward the
first end of the bowl.

The said second outlet(s) may comprise opening(s)
through a cover plate at the first end of the bowl.

Preferably, the outlets for the heavy fraction are
nozzles for discharging the heavy fraction. Preferably,
these are disposed around an arc in the cylindrical
section of the bowl near to the junction between the
cylindrical and frusto-conical sections in the said
preferred form. Advantageously the screw form of the part
of the scroll located between the outlets for the heavy
fraction and the second end of the bowl (which may
constitute a further separate scroll) is reversed with
respect to the screw form of the major part of the scroll
(i.e. the primary scroll) (between the outlets for the
heavy fraction and the first end of the bowl) so that any
heavy fraction which is deposited on the inner surface of
the bowl wall between the discharge outlets for the heavy
fraction and the second end of the frusto-conical section
is conveyed back towards the outlets for the heavy
fraction. The narrowing diameter, eg. frusto-conical,

section, where
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pfesent, facilitates this conveyance of the heavy
fraction.

The arrangement by which the feed suspension is
introduced near one end of the bowl (the second end) and
the outlets for discharge of the heavy fraction are also
disposed near the same end of the bowl, while the outlets
for the fine fraction are at or near to the opposite end,
the first end of the bowl, has the advantage that, as the
suspension flows from the delivery region towards the
first end of the bowl, the heaviest particles are
sedimented first, and it is therefore necessary for the
scroll to convey these particles only a small distance to
the discharge outlets. This means that a lighter load is
exerted on the scroll for a given feed rate than with
certain prior art centrifuges in which the heaviest
particles must be conveyed along a major proportion of
the length of the bowl. This allows reduction of the
time, energy and cost of the separation process using the
centrifuge. In addition, abrasive wear of the periphery
of the scroll and of the wall of the bowl is greatly
reduced in comparison with that experienced in decanter
centrifuges in which the heaviest, and therefore
generally most abrasive particles, are conveyed a greater
distance along the bowl wall as in the prior art.

The bowl in the centrifuge according to the present
invention may be rotated by a drive means connected to
the second end of the bowl. The second end may, for
example, include a socket in which an attachment to a

drive means, eg. drive pulley, is connected. Such a
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drive pulley may be driven, for example, by an electric
motor. The scroll may be independently rotated in the
same sense as but at a different speed from the rotation
of the bowl by a further rotation drive means, eg. by a
motor provided outside the bowl beyond the first end
thereof. Such a motor may comprise an hydraulic motor.

The decanter centrifuge in accordance with the
invention is particularly suitable for performing
particle size separations or classifications, eg. to
obtain a finer product fraction, of particulate mineral
materials contained in an aqueous suspension. The
centrifuge may also be employed to dewater or concentrate
such suspensions. The particulate mineral material may
comprise a known material to be used as a particulate
pigment, filler or extender material, for example kaolin
clay, metakaolin, calcium carbonate, calcium sulphate and
the like. It may be necessary for the suspension first
to be treated with a dispersing agent which will cause
the particles to repel one another and thus be present in
the suspension in the form of discrete particles rather
than clusters of particles. Suitable dispersing agents
for the suspension to be treated are in general well
known in the art. Such dispersing agents include water
soluble polyphosphate salts, such as tetra sodium
pyrophosphate or sodium hexametaphosphate, water soluble
salts of a polysilicic acid, such as sodium silicate, or
a polyelectrolyte such as a water soluble salt of

poly(acrylic acid), of poly(methacrylic acid) or of a
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similar homopolymer or copolymer of an ethylenically
unsaturated organic acid or a salt of one of these acids.

The decanter centrifuge in accordance with the
invention is also suitable for increasing the solids
concentration of a relatively dilute aqueous suspension
of a particulate mineral material. 1In this case it is
neither necessary nor desirable to treat the suspension
with a dispersing agent. In fact it is preferred that
the solids in the suspension should be in a generally
flocculated condition, that is in the form of clusters of
particles rather than discrete particles. Under these
conditions, substantially particle-free water will be
discharged through the outlets provided for the light
fraction, and a concentrated suspension of the
particulate mineral material will be discharged through
the outlets provided for the discharge of the heavy
fraction.

According to the present invention in a second
aspect there is provided a method of separating a
suspension of a particulate solid material in a liquid
medium into a heavy fraction and a light fraction which
method comprises applying the suspension to the inlet of
a centrifuge according to the first aspect of the present
invention and collecting the light fraction from the
outlets therefor and the heavy fraction from the outlets
therefore.

An embodiment of the present invention will now be
described by way of example with reference to the

accompanying drawing; in which:
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Figure 1 is a cross-sectional side elevation of a
general arrangement of a centrifuge embodying the present
invention.

As shown in Figure 1, a decanter centrifuge bowl has
a relatively long cylindrical section 1 and a relatively
short frusto-conical section 2 joined thereto and an end
cover 16. The ratio of the length of the cylindrical
section to the length of the frusto-conical section is
about 7:1, and the ratio of the overall length of the
bowl to the greatest bowl diameter is about 4:1. A
scroll 3 comprises a helix 4 rigidly mounted on a axial
tubular shaft 5, which is supported for rotation relative
to the bowl in a first bearing 6 at the cylindrical end
of the bowl and in a second bearing 7 at the frusto-
conical end of the bowl. The helix 4 is shown for
simplicity in cross-section in the shape of a parallel-
sided strip which is angled so that its outer end is
nearer than its inner end to the frusto-conical section
2. 1In practice, the helix 4 is of the same form as a
spiral corkscrew. A pipe 8 for supply of feed suspension
is mounted inside, and coaxially with, the tubular shaft
5. Feed suspension flows from the pipe 8 into a chamber
9 provided in the end of the tubular shaft 5 near to the
frusto-conical section 2 of the bowl, and passes from
there into the cavity of the bowl through openings 10 in
the tubular shaft 5 (where it forms side walls of the
chamber 9), four being provided but only three shown.

The feed suspension thereby enters the space between the

bowl and the tubular shaft 5 in four regions extending
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from and level with the openings 10 and collectively
referred to hereinbefore as the ‘delivery region’.

A heavy fraction of particles contained in the feed
suspension sediments on the internal surface of the wall
of the bowl and is discharged from the bowl through
nozzles 11, which are disposed on a circumferential arc
around the bowl near to the junction between the
cylindrical section 1 and the frusto-conical section 2 of
the bowl, but displaced by a short distance, eg. about
0.031 where 1 is the length of the internal cavity of the
bowl, inside the cylindrical section 2. Four nozzles 11
are provided but only two are shown. A light fraction of
particles contained in the feed suspension passes along
the length of the bowl to the end cover 16 in which
discharge ports 12 are provided. Each discharge port 12
is provided with an adjustable weir plate 13, by means of
which the depth of the pond of liquid which forms around
the wall of the bowl may be adjusted. Four discharge
ports 12 are provided, but only two are shown. A scroll
helix 14 which is situated between the nozzles 11 and the
extreme end of the frusto-conical section 2 of the bowl
is formed with a screw form which is reversed with
respect to the helix 4 so that the helix 14 has in cross-
section the same shape as the helix 4 but is angled with
its outer end nearer than its inner end to the end cover
l6. This arrangement enables the helix to convey towards
the nozzles 11 any heavy fraction which is injected
initially toward the extreme end of the frusto-conical

section 2 (referred to hereinbefore as the ‘second end’
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of the bowl) and is sedimented between the nozzles 11 and
the extreme end of the frusto-conical section 2 of the
bowl. The end of the frusto-conical section 2 of the
bowl is provided on its outside with a socket 15 to
receive a drive pulley (not shown), which isvrigidly
fixed to a socket provided on the outside of the end of
the bowl by a suitable keying device. Rotary motion, eg.
to provide a speed of about 2000 revolutions per minute
about the axis of the bowl, is transmitted to the bowl
through the drive pulley by means of an electric motor.
Rotary motion about the axis of the scroll 3 at a speed
which differs from the speed of the bowl by an
appropriate amount in the same sense, eg. 20 revolutions
per minute, is transmitted to the scroll 3 from the bowl
through an hydraulic motor which is provided at the end
of the cylindrical section 1 of the bowl. Use of an
hydraulic motor, rather than a gearbox, to transmit
motion from the bowl to the scroll 3 makes it possible. to
vary the speed differential between the bowl and the
scroll 3 within a broad range to enable the centrifuge to
be used efficiently for a wide variety of different
applications.
Example

An example of a use of the centrifuge shown in
Figure 1 is as follows. An aqueous slurry of kaolin
particles is prepared in a well known manner. The slurry
has the following properties:

Specific gravity 1.12;
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Percentage of kaolin particles having a diameter less
than 1um = less than 40%

Percentage of kaolin particles having a diameter less
than 2um = less than 50%

Percentage of kaolin particles having a diameter greater
than 10um = more than 10%.

The slurry is delivered as a feed suspension into
the centrifuge shown in Figure 1 via the inlet pipe 8.
The bowl is rotated at a speed of about 2,000rpm and the
scroll is rotated in the same sense at a speed of about
2,020rpm. A heavy fraction and a light fraction are
separated by the centrifuge to give as the light fraction
a finer product having the following properties:
Specific gravity 1.075
Percentage of kaolin particles having a diameter less
than 1um = greater than 50%

Percentage of kaolin particles having a diameter less
than 2um = greater than 70%

Percentage of kaolin particles having a diameter greater
than 10um = less than 1%

The coarse fraction separated and removed has a
specific gravity of greater than 1.5.

Throughout the description and claims of the
specification the word “comprise” and variations of the
word, such asl“comprising" and “comprises” is not
intended to exclude other additives, components, integers

or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A decanter centrifuge for separating a feed
suspension of particulate solid material in a 1liquid
medium into a light fraction comprising a suspension of
relatively light particles in the liquid medium or liquid
medium containing substantially no particles and a heavy
fraction comprising a suspension of relatively heavy
particles in the liquid medium, which centrifuge comprises
an elongated bowl having a first closed end, a second
closed end and a side wall between the ends, a helical
scroll mounted fdr rotation within, and coaxially with the
bowl, driving means for rotating the bowl and the scroll
about their common axis, whereby the scroll and the bowl
can be rotated with different rotational speeds, means for
delivering the feed suspension into the bowl in a delivery
region inside the bowl, a plurality of first outlets
provided in the side wall of the bowl for discharging the
heavy fraction from the bowl and one or more second
outlets provided at or near the first end of the bowl for
discharging the light fraction from the bowl, wherein the
delivery region is nearer to the second end of the bowl
than to the first end of the bowl and the first outlets
are located close to the delivery region, the delivery
region being nearer than the first outlets to the second
end of the bowl.

2. A centrifuge as claimed in claim 1 and wherein the
ratio of the overall length of the bowl to the greatest
diameter of the bowl is in the range of from 2:1 to 5:1.
3. A centrifuge as claimed in claim 1 or claim 2 and
wherein the distance, measured longitudinally along the
bowl, between the centre of the delivery region and the
first outlets is less than 0.3L, where L is the length of
the internal cavity of the bowl.

4. A centrifuge as claimed in any one preceding claim
and wherein the scroll is provided on an axially extending
tubular member having feed inlet openings through which
the feed suspension can be delivered to the delivery
region, the delivery region thereby comprising one or more
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regions extending into the cavity of the bowl from the
inlet opening or openings.
5. A centrifuge as claimed in claim 4 and wherein the
means for delivering feed suspension includes a feed pipe
and an enclosure formed inside the tubular member, the
feed pipe having an open end in the enclosure whereby feed
suspension delivered along the feed pipe can debouch into
the enclosure and can exit the enclosure via the feed
inlet openings to enter the delivery region.
6. A centrifuge as claimed in any one of the preceding
claims, wherein the wall of the bowl comprises a section
of narrowing diameter near to the second end of the bowl.
7. A centrifuge as claimed in claim 6 and wherein the
wall of the bowl comprises a frusto-conical section
constituting the said section of narrowing diameter and
also a cylindrical section joined to the frusto-conical
section.

8. A centrifuge as claimed in claim 7 wherein the

'delivery region and the first outlets are located inside

the said cylindrical section near to the junction between
the cylindrical section and the frusto-conical section.

9. A centrifuge as claimed in claim 7 or claim 8 wherein
the ratio of the length of the cylindrical section to the
length of the frusto-conical section is in the range of
from 6:1 to 8:1.

10. A centrifuge as claimed in any one of the preceding
claims wherein in operation the bowl and the scroll are
independently rotated about their common axis and the
heavy fraction of the feed suspension 1is sedimented
against the side wall of the bowl and is conveyed toward
the first outlets by the scroll and the light fraction of
the feed suspension moves toward the second outlet or
outlets.

11. A centrifuge as claimed in any one of the preceding
claims wherein the helical scroll is a first scroll having
a screw form and wherein the centrifuge includes a further
scroll located between the first outlets and the second
end of the bowl, the further scroll having screw form

which is reversed with respect to the screw form of the

Y:\violet\No delete\23628-97.doc




°e e
oo o

* oo
L] L] L]
o o

L]
®® o000 oo

10

15

20

25

30

18
first scroll to facilitate in operation conveyance of any
feed suspension injected at the delivery region toward the
second end of the bowl back toward the first and second
outlets.
12. A method of operating a centrifuge as claimed in any
one of claims 1 to 11 so as to concentrate a feed
suspension of a particulate solid material in a 1liquid
medium, or to separate such a suspension into a heavy
fraction and a 1light fraction,'/which method comprises
applying the feed suspension to the inlet of the said
centrifuge whereby the feed suspension is delivered to the
said delivery region and is thereby treated by the
rotational action of the scroll and bowl of the
centrifuge, and collecting heavy and 1light fractions
separated by the centrifuge and discharged, respectively,
at the first and second outlets.
13. A method as claimed in claim 12 and wherein the feed
suspension comprises an aqueous suspension of an inorganic
particulate material.
14. A decanter centrifuge ' substantially as herein
described with reference to the accompanying drawings.
15. A method of operating a centrifuge substantially as
hereinbefore described with reference to the accompanying

drawings.

DATED: 17 January, 2001
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
ECC INTERNATIONAL LIMITED
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