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(57) Procede de se¢paration de maticres particulaires
d’un fluude véhicule dans lequel elles se trouvent en
suspension. On s€pare une premiecre zone d une masse
du fluide véhicule d’une seconde zone de fluide clarifié,
et on introduit dans la masse de fluide une suspension de
maticres particulaires dans un fluide véhicule. On extrait
le fluide clarifie de la zone de fluide clarifi€, et on permet
a la quasi totalité du fluide clarifi€ penetrant dans la zone
de fluide clanfi¢ de passer de la premiere zone a la
seconde zone par 1'intermeédiaire d’une zone secondaire
dans laquelle s’effectue une s€paration au moins partielle
des maticres particulaires du fluide vehicule, et ce dans
un sens contraire au sens de 1’¢coulement. La section
transversale de la zone secondaire est plus petite que
celle de la masse de fluide.
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(57) The mvention provides a method of separating
particulate material from a carrier fluid mm which 1t 1s
suspended. A first zone of a body of the carrier fluid 1s
separated from a second clarified fluid zone thereof, and
a suspension of particulate material in carrier fluid 1s fed
into the body of fluid. Clarified fluid 1s withdrawn from
the clarified fluid zone, and substantially all the clanfied
fluad which enters the clarified fluid zone 1s allowed to
pass from the first zone to the second zone through a sub-
zone 1n which at least some separation of particulate
material from carrer fluid, against the direction of flow,
takes place. '

I'he sub-zone 1s of smaller cross-sectional
area than the body of flud.




A /A"
MDA

jr

l.’

'J'U

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION Sl

International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © : (11) International Publication Number: WO 95/22391

BO1D 21/00, 21/02, 21/24 Al ¢
(43) International Publication Date: 24 August 1995 (24.08.95)

& / i 4

0 J

(21) International Application Number: PCT/NL95/00060 | (81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH,
CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, JP, KE, KG,
(22) International Filing Date: 15 February 1995 (15.02.95) KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MN, MW,
MX, NL, NO, NZ, PL, PT, RO, RU, SD, SE, SI, SK, TJ,
TT, UA, UG, US, UZ, VN, European patent (AT, BE, CH,
(30) Priority Data: DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE),
94/1062 16 February 1994 (16.02.94) ZA | OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR,

JB Amsterdam (NL).

(72) Inventor; and

(71) Applicant (for all designated States except US): IMPLICO B.V.
[NL/NL}; Atrium Building, Strawinskylaan 3127, NL-1007 | Published

NE, SN, TD, TG), ARIPO patent (KE, MW, SD, SZ, UG).

With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of

(75) Inventor/Applicant (for US only): BATSON, Richard, Guy amendments.
[GB/ZA); 267 Uys Street, Rynfield Agricultural Holdings,

Extension 1, Benoni (ZA).

(74) Agent: SMULDERS, Th., A., H,, J.; Vereenigde Octrooibu-

(54) Title: SEPARATION OF A SUSPENSION INTO ITS COMPONENT PARTS

(57) Abstract

The invention provides a method of separating
| particulate material from a carrier fluid in which it is
| suspended. A first zone of a body of the carrier fluid is
separated from a second clarified fluid zone thereof, and
a suspension of particulate material in carrier fluid is fed
into the body of fluid. Clarified fluid is withdrawn from
the clarified fluid zone, and substantially all the clarified
fluid which enters the clarified fluid zone is allowed to
pass from the first zone to the second zone through a
sub-zone in which at least some separation of particulate
material from carrier fluid, against the direction of flow,
takes place. The sub-zone is of smaller cross-sectional
| area than the body of fluid.
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Separation of a suspension into 1its component parts

THIS INVENTION relates to the separation of a
suspension into 1ts component parts. It relates 1in
particular to a method of, and separating apparatus
for, separating particulate material from a carrier

fluid in which it 1is suspended. It relates also to

clarifying means.

According to a first aspect of the invention, there is
provided a method of separating particulate material
from a carrier fluid in which it is suspended, the
method comprising feeding a suspension of particulate
material in carrier fluid into a first zone of a body
of the carrier fluid separated from a second clarified
fluid zone thereof located at a high level in the body
of carrier fluid by means of a £fluid impermeable
barrier located between the zones, with the particulate
material having a higher density than the carrier
fluid; withdrawing clarified fluid from the clarified
fluid zone; allowing substantially all the clarified
fluid which enters the clarified fluid zone to pass
from the first 2zone to the second 2zone through a
vertical fluid passageway of regular or irregular
cross-sectional shape, with the fluid passageway being
of substantially constant cross-sectional area Or
dimension along its entire length apart from,
optionally, an inwardly flaring peripheral lip at the
lower end of the passageway so that the passageway has
a reduced inlet area, and/or a portion of increased
cross-sectional area or dimension at the upper end of
the passageway, with ortho-kinetic flocculation of
solid particles taking place in the fluid passageway soO
that small solid particles are flocculated, in a floc
bed within the passageway, into larger flocs having
higher settling velocities, with the flocs dropping
down against the direction of fluid flow through the
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floc bed and settling at the bottom of the body of

fluid in a settling zone.

In one embodiment of the invention, the first zone may
be a feed zone, with the feeding of the suspension
being into the feed 2zone. However, 1n another
embodiment of the invention, the first zone may be a

settling zone, with the feeding of the suspension being
effected directly into the sub-zone.

In particular, the particulate material may have a
higher density than the carrier fluid so that the
clarified fluid zone is located at a high level in the
body of fluid, while separated particulate material
settles at the bottom of the body of fluid in the or a

settling zone.

It is envisaged that the fluid will normally be a
ligquid. The carrier liquid can then be water, while
the particulate material can be soil, sand, gravel,
colloidal particles or the like. The method can thus
be used to separate a suspension of soil, sand and
gravel particles in water into a slurry and clarified
water. In particular, the feed suspension may be

turbid underground water from mines, or the like.

The separation of the zones from each other may be
effected by locating a fluid impervious or impermeable,

eg a solid, barrier between the zones.

The sub-zone may be provided by a fluid passageway
through the barrier.

According to a second aspect of the invention, there is

provided separating apparatus for separating
particulate material from a carrier fluid in which 1t

is suspended, wherein the apparatus comprises: a vessel
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for containing a body of carrier fluid; a fluid
impermeable barrier separating the vessel into a first
zone and a clarified fluid zone located at a high level
in the vessel; feed means for feeding a suspension of
particulate material suspended in carrier fluid, with
the particulate material having a higher density than
the carrier fluid, into the vessel; withdrawal means
for withdrawing clarified £fluid from the clarified
fluid zone; and at 1least one clarifying member
providing a vertical £fluid passageway of regular or
irregular cross-sectional shape, and of substantially
constant cross-sectional area or dimension along its
entire length apart from, optionally, an inwardly
flaring peripheral lip at its lower end so that it has
a reduced inlet area, and/or a portion of increased
cross-sectional area or dimension at its upper end, for
passage of fluid from the first zone to the clarified
fluid zone, the clarifying member being dimensioned for
ortho-kinetic flocculation of solid particles 1in a floc
bed in the passageway as the suspension passes
therethrough, with small solid particles thus
flocculating into larger flocs having higher settling

velocities and being capable of settling at the bottom

of the vessel in a settling zone.

The barrier and the clarifying member thus constitute
clarifying means in the vessel. The vessel may be 1in
the form of a gravity settler, clarifier or thickener.

A settling zone may be provided below the clarifying
member.

As mentioned hereinbefore, the first zone may be a feed
zone, 1in which case the feed means may 1include a
fitting leading into the vessel. However, 1instead, the
first zone may be a settling zone. The feed means may

then include a conduit leading into the clarifying
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member so that feed suspension is fed directly into the

clarifying member.

The clarifying member may comprise an upright open
ended cylinder, which may be of substantially constant
cross-sectional area or dimension along a major portion

of its length, or along its entire length.

Normally, more than one clarifying member, 1e more than
one cylinder will be used, with each connecting the
first zone to the second zone. The cylinders may be of
any desired cross-sectional shape, eg circular, square,

hexagonal or any other regular or irregular
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cross-sectional shape. The lengths of the cylinders

will generally be greater than their diameters or
representative cross-sectional dimensions. Generally,
their lengths will be from 2-8 times their diameters
or representative cross-sectional dimensions. In
particular, the cylinders may be located such that
their longitudinal axes extend vertically.

Without wishing to be bound by theory, the Applicant
believes that energy must be applied to a suspension
to cause collision between solid particles suspended
therein, by means of ortho-kinetic flocculation. With
sufficient energy input, the particles collide and
remain Joined together, gradually growing in size,
density and settling velocity until the resultant
agglomerations of particles, ie flocs, separate by
gravity from the carrier liquid, ie separate against
the direction of flow. If, however, too little energy
1s applied, then there 1is the risk of the particles
not approaching each other sufficiently closely to
overcome any remaining repulsive charges between the
particles. Furthermore, in the event of too much

energy being applied, the flocs can be broken up.

In the method and apparatus of the present invention,
the solids in suspension, on entering the cylinders,
are in the form of discrete particles or small flocs.
Since these have relatively low settling velocities,
they will largely be carried upwardly by the flow of
suspension entering or passing through the cylinders.
Inside the cylinders, the movement of the liquid past
the flocs 1mparts energy to the flocs through the
shear forces acting on the flocs. This results in a
drop in pressure in the liquid as it passes upwardly
through the cylinders.
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This pressure drop multiplied by the cross-sectional
area of the cylinders, can be equated by the submerged
mass of the suspended solids multiplied by ‘g’, the
acceleration constant due to gravity. This force,
5 multiplied by the upward velocity of the liquid in the
cylinders, represents the ortho-kinetic energy input

into the suspension, per kg of solids in the feed
suspension.

Repeated collisions between particles and flocs cause
10 the flocs to increase in size and, under the correct
conditions, in density. These large flocs have higher
settling velocities so that they slow down in the
upflow conditions present in the cylinders.
Eventually, they become sufficiently large and dense
15 to drop down against the flow, ultimately to pass from

the lower open ends of the cylinders into the settling
zone of the body of liquid.

It has been found that, in spite of the random
particle motion within the cylinders, a floc bed is
20 formed 1inside the c¢ylinders, with a distinct top
surface. Above this surface, the clarified liquid is
almost free of suspended solids, while below the
surface, the solids are fairly uniformly distributed
but subject to random motion until the flocs become

25 sufficiently large and dense to drop from the lower
ends of the cylinders.

An increase 1in flow rate causes an 1increase in the
height of the floc bed, and an 1increase in the
ortho-kinetic energy input. This 1increase 1in the
30 energy input combined with the greater depth of the
floc bed, results in the formation of large flocs with

settling velocities sufficiently high to enable them
to exit from the lower ends of the cylinders.
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A higher feed suspended solids concentration requires
a greater pressure drop across the cylinders, a higher
ortho-kinetic energy input and more rapid floc
formation and withdrawal rate, to balance the
increased solids feed rate.

During start-up, and particularly if the concentration
of suspended solids in the feed suspension is low, the
floc beds may form slowly, and the floc volume
concentration, ie the volume of the flocs in the floc

beds as a proportion of the volume of the floc beds,
may be low. Under these conditions the ortho-kinetic

energy input will also be low, since it is a function
of the mass of suspended solids in the floc bed inside
the clarifying cylinders.

15 Without well formed floc beds, the motion of the

20

liquid through the clarifying cylinders is generally

laminar or transitional, 1ie between laminar and

turbulent flow, and the drop in pressure in the liquid

as 1t passes upwardly through the cylinders is very
low at normal design flow rates.

To overcome this problem and to provide sufficient

25

energy for ortho-kinetic flocculation under start-up
conditions, the flow of liquid entering or within the
clarifying cylinders can be slightly disturbed so as
to create localised or general turbulence. This can

be accomplished by using a mechanical stirrer or other

means of agitation in the clarifying cylinders, or

more simply by adapting the clarifying cylinders, eg

30

by modifying the shape of the clarifying cylinders.
Such modification may, for example, comprise an
inwardly flaring peripheral lip at the lower ends of

the cylinders, so that the cylinders have a reduced

inlet area.
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Instead, the clarifying cylinders may have one or more
‘'steps’ along their length at which their effective
cross-sectlonal area changes, ie increases. Each step
or change 1n cross-section causes a local increase in
turbulence and provides energy for ortho-kinetic
flocculation. The increase in cross-sectional area
through successive sections of the <clarifying
cylinders means a lower average upflow velocity away
from each area of turbulence. Each decrease in upflow
veloclity provides a safety barrier since flocs are
much less 1likely to be carried upwardly through a
region of low upflow velocity than through a region in
which the upflow velocity is high enough to support a
fully developed floc bed undergoing ortho-kinetic
flocculation.

Due to the cylinders being of substantially constant
cross-sectional dimension, a steady yet random motion
within the floc beds in the cylinders and maintenance
of an even upper surface of the floc beds, are
achieved. This minimizes breakthrough of flocs into
the clarified liquid above the floc beds.

The method may include, 1if necessary, adding a
coagulant/flocculant to the feed suspension to
destabilize 1t, thereby to promote floc formation.

If desired, the upper end of each cylinder above the
floc bed level may flare outwardly to provide a flared
portion at the upper end of the cylinder, or an
outwardly flaring component may be attached to the
upper end of the cylinder. 1In use, this results in a
decrease in the liquid average upflow velocity, but an
increase in turbulence and hence the opportunity for
more interparticle collisions. Both effects
contribute to preventing small flocs from exiting into

the clarified liquid.
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If further desired, inclined separating surfaces may
be located i1n the flared portions of the cylinders or
in the flared components. Laminar or near laminar
flow conditions can then be maintained along the flow
paths defined between adjacent separating surfaces.
Fine residual flocs settle out against the inclined
separating surfaces, and slide back 1into the

cylinders, to be incorporated into newly formed flocs.

The clarifying cylinders can thus operate over a wide
range of feed flow rates and concentrations. However,
at very high feed flow rates, the high upflow velocity
in the cylinders can cause carry over of individual
flocs. To reduce the likelihood of this happening and
to increase the stability of the floc bed at high feed

rates, an automatic bypass can be provided.

The principle of this 1s that, at low flow rates,

20

25

30

there are few flocs inside the clarifying cylinders,
the floc beds are poorly formed and the resistance to
flow upwardly through the cylinders is negligible; at

higher flow rates the floc beds increase in depth and

floc volume concentration and the flow resistance
increases 1in line with the mass of solids to be

supported.

The apparatus may 1nclude bypass means providing a
liquid bypass around the or each cylinder. Such

bypasses have a relatively high, but constant

resistance. Thus, at low feed flow rates, nearly all
the flow will pass through the cylinders; however,
with increasing feed flow rates, more and more of the
additional flow will pass through the bypasses. This
effectively stabilises the floc beds.

The bypass means may comprise apertures in the sides
of the clarifying cylinders, but care must be taken to
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ensure that any suspension bypassed 1s either clear or

can be clarified subsequently.

The settling zone may comprise an upper free settling

region in which free settling of solid particles

through the 1liquid body takes place, a hindered

place, and a compaction region below the hindered

settling region in which the solid particles or flocs
are in contact with one another so that a slurry is
formed in this region. The method may then include

allowing liquid, in at least the compaction region, to

move upwardly along at least one upwardly inclined
pathway, while at least partially protected from

settling solid particles, and withdrawing slurry from

the compaction region. The upwardly inclined pathway:

may be provided by a static inclined surface, which

may form part of a separation device as described 1in

South African Patent No. 93/6167, and which corresponds
to EP Publication No. 0585103, located in the vessel.

While the fluid will, as stated hereinbefore, normally
be a liquid such as water, it is believed that the
separating apparatus according to the invention can
21so be used for the separation of particulate matter

and liquids from gases.

In the scrubbing of particulate material from a
gaseous emission from a furnace or boiler, use can be
made of a fine spray of water to effect agglomeration
of the particles which will then separate out from the
gases within the separating cylinders. Apparatus

according to the invention can thus be used to replace
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bag filters, scrubbers and electrostatic
precipitators.

The apparatus may also be used for the demisting, ie
the removal of fine liquid particles or globules from
5 gas streams.

According to a third aspect of the invention, there is
provided clarifying means comprising a fluid
impermeable barrier locatable in a vessel and adapted
to separate the vessel into a first zone and clarified
10 liquid 2zone; and at 1least one clarifying member
providing a passageway for liquid through the barrier,
the clarifyinc member adapted so that, in use, at
least some separation of particulate material from
carrier liquid, on a suspension of the particulate
15 material in the carrier liquid entering it, takes
place, with the cross-sectional area of the passageway

being less than the area of the barrier.

The invention will now be described by way of example
with reference to the accompanying diagrammatic

20 drawings.

In the drawings,

FIGURE 1 shows a longitudinal sectional view of
separating apparatus according to a first embodiment
of the invention;

25 FIGURE 2 shows a longitudinal sectional view of
part of separating apparatus according to a second
embodiment of the invention;

FIGURE 3 shows a longitudinal sectional view of
part of separating apparatus according to a third

30 embodiment of the invention;

FIGURE 4 shows a longitudinal sectional view of
separating apparatus according to a fourth embodiment

of the invention;
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FIGURE 5 shows a longitudinal sectional view of
separating apparatus according to a fifth embodiment
of the invention;

FIGURE 6 shows a sectional view through VI-VI in
Figure 5;

FIGURE 7 shows a longitudinal sectional view of
separating apparatus according to a sixth embodiment
of the invention;

FIGURE 8 shows a longitudinal sectional view of
separating apparatus according to a seventh embodiment
of the invention;

FIGURE 9 shows a longitudinal sectional view of
separating apparatus according to a eighth embodiment
of the invention;

FIGURE 10 shows a plan view of the separating
apparatus of Figure 9;

FIGURE 11 shows a longitudinal sectional view of
part of separating apparatus according to a ninth
embodiment of the invention; and

FIGURE 12 shows a longitudinal sectional view of
separating apparatus according to a tenth embodiment

of the invention.

In the drawings, similar parts are indicated with the

same reference numerals.

Referring to Figure 1, reference numeral 10 generally
indicates separating apparatus according to a first

embodiment of the invention.

The apparatus 10 includes a gravity settling vessel,
generally indicated by reference numeral 12. The
vessel 12 comprises a cylindrical wall 14, with a
suspension feed inlet 16 provided in the wall 14. At
the lower end of the wall 14 is provided an inverted
conical portion 18 fitted with a slurry outlet 20 at
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its apex. At the upper end of the wall 14 is provided
a clarified liquid outlet 22.

The apparatus 10 also 1includes clarifying means,
generally indicated by reference numeral 30.

5 The clarifying means 30 1includes an impermeable or
solid barrier 32 spanning the wall 14 and separating
it into an upper clarified liquid zone 34, and a lower
zone 36. In this case, the lower zone 36 is a feed
zone, with the inlet 16 leading into the zone 36. A

10 settling region 38 1s provided by the inverted conical
portion 18.

The clarifying means 30 also includes an open-ended

circular section clarifying cylinder 40 of constant

diameter extending through the barrier 32. The
15 clarifying cylinder 40 thus extends vertically.

In use, a suspension of solid particulate material, eg
soll, sand or gravel particles, in a carrier liquid,
eg water, enters the vessel 12 through the inlet 16.
The vessel 12 is filled with a body of the carrier
20 ligquid. Substantially all liquid, in order to move
from the feed zone 36 to the clarified liquid zone 34,
must pass vertically upwardly through the clarifying
cylinder 40. Flocs form within the <clarifying
cylinder 40 by means of ortho-kinetic flocculation as
25 hereinbefore described, and form a floc bed 42. The
upper surface of the floc bed 42 is below the upper
end of the cylinder 40. The flocs increase 1n size
and density until their settling velocities exceed the
upflow feed velocity. Thus, separation against the
30 direction of flow of liquid takes place. They then
drop through the lower end of the cylinder 40, into
the settling zone 38, with a slurry being withdrawn
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through the slurry outlet 20. Clarified liquid is
naturally withdrawn through the outlet 22.

The clarifying cylinder 40 is sized so that at the
maximum design feed flow rate, the upward velocity of
the liquid through the cylinder is such that the floc
bed 42 occupies substantially the whole of cylinder

40.

Referring to Figure 2, reference numeral 50 generally

indicates settling apparatus according to a second

embodiment of the invention.

In the settling apparatus 50, the suspension feed
inlet 16 in the wall 14 is dispensed with, with the
lower zone 36 forming part of a settling zone located
below the barrier 32. A suspension feed conduit 52
leads co-axially into the clarifying cylinder 40, with
its outlet opening 54 being downwardly directed and
being located in the lower portion of the clarifying

cylinder 40.

In the apparatus 50, the floc bed 42 1is again formed
in the cylinder, by means of ortho-kinetic

flocculation.

It is believed that the separation apparatus 50 can be
used when the suspension feed contains large or heavy
solid particles which would tend to settle out
directly in the feed zone, without being drawn into
the cylinder 40, 1if 1introduced into zone 36
immediately below the barrier 32. By utilizing the
feed conduit 52, such large or heavy particles will
more readily partake in floc formation, thereby
assisting in the settling and separation of smaller

and lighter particles.
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In other embodiments (not shown), the feed conduit 52
may enter through the lower end of the cylinder 40,
with its outlet 54 being upwardly directed, or may
extend at any desired angle through the wall of the
cylinder 40.

Referring to Figure 3, reference numeral 60 generally
indicates separating apparatus according to a third

embodiment of the invention.

In the apparatus 60, the upper end of the cylinder 40
1s located below the barrier 32, with a flared
component 62 extending from the upper end of the
cylinder 40 to the barrier 32. The component 62
flares outwardly upwardly, and 1s thus of inverted
frusto-conical shape. A plurality of inverted
open-ended frusto-conical separating members 64 are
located within the portion 62, with liquid passageways
66 being defined between the separating members 64.
The separating members 64 thus provide parallel
separating surfaces between which upwardly passing
clarified liquid must flow. Liquid flow between these
surfaces 1s laminar or close to laminar. Any residual
solids 1in the <clarified 1liquid thus have an
opportunity to settle out on the extended separating
surfaces provided by the members 64, and can fall back
into the floc bed 42.

In this version of the invention, the suspension feed
enters through the suspension feed inlet 16, with the
zone 36 thus being a feed zone.

Referring to Figure 4, reference numeral 70 generally
indicates separating apparatus according to a fourth

embodiment of the invention.
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In the apparatus 70, the barrier 32 is located close
to the upper end of the vessel 12, and the
frusto-conical portion 62 terminates in the barrier
32. A wall 72 1is provided along the periphery of the
upper end of the portion 62, above the barrier 32, so
that a clarified liquid well 74 is provided around the

wall 72.

If desired, more than one of the cylinders 40 can lead

into the same well 74.

Due to the flared component 62, the average upflow
velocity of the clarified liquid is reduced to inhibit
escape of small residual flocs of particles. 1In other
words, in view of the lower upward liquid velocity in
the portion 62, such small particles have a greater
chance of separating out from the 1liquid. In
addition, the reduction in 1liquid velocity in the
portion 62 also results in the formation of eddy
currents within the portion 62, which may result in
additional ortho-kinetic flocculation.

It is believed that existing clarifiers, settlers or
thickeners can readily be upgraded to function in
accordance with the present invention by installing
therein clarifying means comprising the barrier 32,

cylinder 40 and flared portion 62 of this embodiment

of the separating apparatus.

TEST NO. 1
A test was conducted on apparatus substantially as
shown 1in Figure 4, and having the following
dimensions:
Diameter of the vessel 12 - 477mm
Height of the vessel 12 - 4200mm

Diameter of the clarifying
cylinder 40 - 300mm
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Length of the clarifying
cylinder 40 - 900mm

Suspended solids concentration
in the feed - 500-800 ppm

Water containing fine particles of nickel sulphide in
suspension was fed by gravity through the conduit 16
at flow rates between 100 and 2000¢f//h. An anionic

polyacrylamide was used as a flocculant.

Flocs formed within the cylinder 40. At low flow
rates most of the flocculated nickel sulphide solids
dropped directly into the lower conical section of the
vessel. At higher flow rates a distinct floc bed 42
formed within the cylinder 40. The higher the flow
rate, the deeper the floc bed. At maximum flow rate
the floc bed expanded into the conical section 62
where the 1increased turbulence resulted in further
ortho-kinetic flocculation occurring. Throughout the
entire test run the clarity of the water exiting the
frusto-conical portion 62 of the clarifying cylinder
was good. Underflow relative densities up to 2,28

were obtained.

Referring to Figures 5 and 6, reference numeral 80

generally indicates separating apparatus according to
a fifth embodiment of the invention.

The apparatus 80 1includes two co-axially located
cylindrical members 82 and 84, with a plurality of
clarifying cylinders 40 formed between cylindrical
members 82 and 84 by radial barriers 83. An annular
member 86 flares upwardly outwardly from the member 84
to the wall 14 of the vessel 12.

Thus, the components 84 and 86 together constitute a

barrier separating the zone 36 from the clarified
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liquid zone 34, while the component 82 constitutes a

barrier separating a feed zone 87 from the zone 34.

The inlet 16 extends into the inside of the
cylindrical member 82, above the flared member 86, 1le
into the feed zone 87.

an annular well 88 extends around the inside of the
wall 14 at the level of the outlet 22, with the upper
end of the cylindrical member 82 being -located above
the level of the well 88.

A plurality of hollow open-ended conical separating
members 90, 92 and 94, spaced apart from one another
with the apex of the one separating member located
within the skirt of an adjacent separating member and

located co-axially'in rhe vessel 12 are also provided.

rhe smallest to the separating member 94 which may be
the largest and located uppermost. A conduit 96 leads
from the apex of the separating member 90 into the
skirt of the separating member 92, with a conduit 98
leading from the apex of the separating member 92 1nto
rhe skirt of the separating member 354. A conduit 100
leads from.the apex of the separating member 94 up the
cylindrical member 82, with its upper end terminating
near the level of the inlet 16. Thus, the separating

members 90, 92 and 94 may be similar to those

described in South African Patent No. 93/6167. In the
apparatus 80, clarified liquid exiting the cylinders 40
passes through the flared portion 86 which again lowers

the upward velocity thereof, thereby enhancing small

particle settling as hereinbefore described.
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It is believed that the separating members 90, 92 and

94 will be used when the suspension feed consists of
a thick slurry, or when a high underflow or slurry
density is required. The separating members 90, 92,
94 can thus be dispensed with i1f desired.

TEST NO. 2
A test run was conducted on apparatus substantially as
shown in Figure 5, and having the following
dimensions: -
Diameter of vessel 12 - 2200mm
Overall height of vessel 12 - 5900mm
Number of Cylinders 40 - 8
Effective size of cylinders 40 - S00mm
Overall length of cylinders 40 - 1950mm

Number of dewatering cones 90,
92, 94 - 5

Scrubber water containing Kimberlite™ ore was fed by
pump through conduit 16 1nto the apparatus. A
combination of a cationic coagulant and an anionic
flocculant was used to destabilise and aggregate the
solids in suspension. The feed flow rate was 150m’/h,
at a relative density of 1,05 and with a solids S.G.
of 2,35. The overflow generally was very clear.

Underflow relative densities in excess of 1,3 were

easily obtained.

Referring to Figure 7, reference numeral 110 generally
indicates separating apparatus according to another

embodiment of the invention.

The separating apparatus 110 is similar to the
separating apparatus 80 of Figures 5 and 6 except that
the suspension feed inlet 16 1leads 1into the
cylindrical wall 14 and not into a central cylindrical

member. Thus, the zone 36 1s a feed zone.
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Furthermore, the upper ends of the cylinders 40 are
provided with the flared portions 62 which terminate
in the barrier 32. An ailr vent conduit 112 leads
upwardly from the centre of the barrier 32 to above

5 the well 88.

Referring to Figure 8, reference numeral 120 generally
indicates clarifying apparatus according to a seventh

embodiment of the invention.

In the separating apparatus 120, a plurality of
10 separating cylinders 40, 1located circumferentially
apart, are provided. The upper ends of the cylinders
40 are connected to each other as well as to the wall
14 by means of a flared component 122, with the flared

component 122 thus also constituting the barrier

15 between the zones 34, 36.

The apparatus 120 also includes a cylindrical member
124 located above the cylinders 40 and providing a
feed zone 125, with the feed inlet 16 leading through
the wall 14 into the cylindrical member 124. The
20 upper end of the cylindrical member 124 is located
above the level of the well 88, while its lower end is
closed off with a floor 126. In the floor 126 1is
provided an inverted frusto-conical componént 128 for
each of the cylinders 40, with a feed conduit 52
25 leading from the apex of each of the components 128

into each associated cylinder 40.

Thus, the cylindrical member 124, 1ts floor 126, feed
conduits 52 and the components 128 constitute a
barrier between the 2zones 125 and 34, whilst the
30 flared component 122 constitutes a barrier between
zones 36 and 34. Thus, substantially all suspension

entering the apparatus 12 has to pass through the

clarifying cylinders 40.



WO 95/22391 e 2 }8 3 4 25 PCT/NL95/00060

10

15

20

25

30

20

In the apparatus 120, large and heavy solid particles
in the suspension feed cannot settle out directly, and
thus partake 1n flocculation with lighter solid
fractions, within the c¢ylinders 40. Thus, high
separating efficiencies are obtained, allowing the
apparatus 120 to work at high flow rates and reduced
overflow or clarified liquid suspended solid levels.

The change in liquid velocity as the suspension leaves
the feed conduits 52 and enters into the clarifying

cylinders 40, provides sufficient turbulence for

start-up flocculation.

Referring to Figures 9 and 10, reference numeral 130
generally indicates separating apparatus according to

a eighth embodiment of the invention.

The apparatus 130 1s shown 1n the form of an
underground clarifier/thickener, with the inlet 16
leading into the vessel 12 at a high level.

The apparatus 130 includes a plurality of clarifying
cylinders 40 located in two concentric rings, with the
cylinders 40 in each ring of cylinders being spaced
circumferentially apart. The upper ends of the
cylinders 40 are provided with flared portions 62,
with the flared portions 62 being attached to
cylindrical walls 132, 134 located concentrically with
respect to each other. The zone 34 1s thus provided

between the walls 132, 134, with the outlet 22 leading
from the wall 132. The 1inlet 16 leads through the
walls 132, 134 so that the feed zone 87 1s located at

the centre of the apparatus 130.

Thus, the components 62 and walls 132, 134 constitute

barriers between the zones 34 and 87.

Civee
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The apparatus 130 can thus be provided underground, eg
by a suitable excavation 1in rock, with the wvarious
components then being locatable readily in the
excavation. Thus, for example, the separating members
90, 92, 94 may be provided with suitable brackets or
the like to permit them merely to be 1located in
position 1n the excavation. The same will apply as

regards the walls 132 and cylinders 40.

Referring to Figure 11, reference numeral 140
generally indicates separating apparatus according to
a ninth embodiment of the invention.

A radially i1nwardly directed inlet lip 142 formed at
the lower end of the cylinder 40 from a short inverted
hollow truncated conical section 142, causes
turbulence in a zone 144 provided by the lip as the
flow lines diverge inside the cylinder 40. The energy
loss in this turbulence is sufficient to provide for

start-up ortho-kinetic flocculation.

The reduced 1inlet area of the cylinder 40 can have a
second advantage 1n that the increased vertical flow
rate due to smaller 1nternal diameter of the lip 142,
induces more and larger particles to be drawn into the

clarifying cylinder, thereby increasing the rate at
which the floc bed forms.

Referring to Figure 12, reference numeral 150 shows
separating apparatus according to a tenth embodiment

of the invention.

The apparatus 150 1includes a clarifying cylinder 40
and frusto-conical portion 62, similar to those shown
in Figure 4. It also 1includes hollow open-ended
conical separating members 90, 92 and 94 and their
assocliated conduits 96, 98 and 100 respectively,
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similar to those shown in Figure 5. The conduit 100
extends into the cylinder 40.

An 1nverted hollow frusto-conical member 152 is
located around the conduit 100. The member 152
comprises a cylindrical component 154, an inwardly
tapering peripheral lip 156 at the lower end of the
cylindrical component 154, and a skirt 158 flaring
upwardly outwardly from the upper end of the
cylindrical component 154. The skirt 158 is located

around the cylinder 40 such that an annular opening

160 is defined between the upper edge of the skirt and
the cylinder 40. Furthermore, the c¢ylindrical
component 154 can be considered to be an extension of
the cylinder 40. A feed opening 162 1s constituted by
the axial spacing between the 1lower end of the
cylinder 40 and the upper end of the cylindrical
component 154.

Thus, the feed suspension 1s fed into the side of the
cylinder 40, 154 by means of the feed opening 162,
with the suspension passing from the zone 36 of the
vessel 12, through the annular opening 160 and then
through the feed opening 162. The main flow 1is
directly upwardly into the cylinder 40 and hence the
floc bed form rapidly. However, there is also
suspension flow vertically downwardly into the
cylindrical component 154. This flow is the sum of
the underflow which exits through nozzle 20 and the
bypass water which passes through the lip 156 and up
through dewatering conduit 100. The conduit 100 thus
provides a bypass around the floc bed in the cylinder
40. The conduit 100 can be sized to restrict the flow

through this bypass.
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Water for diluting the feed and improving flocculation
gathers on the underside of the skirt 158, and
thereafter mixes with the feed inside the member 152.

A degree of flocculation takes place inside the
cylindrical component 154 due to turbulence. Flocs
exiting the lip 156 are therefore well formed and

result in high underflow densities.

Suspension bypassing the c¢ylinder 40 through
dewatering conduit 100 1s 1low 1in solids, since
flocculation also takes place inside the conduit 100.

The low velocity 1inside chamber 62 results 1in a

further separation before the clarified water exits

15

20

25

30

through nozzle 22.

Instead of a single clarifying cylinder, the annular
space between the dewatering conduit 100 and the
cylinder 40, 154 can be converted into a plurality of
clarifying cylinders by means of radial barriers (not

shown) similar to the radial barriers 83 in Figures 5
and 6.

It is believed that the separating apparatus according
to the invention, apart from being relatively easy to
design in the sense that the clarifying cylinders are
of constant cross-sectional dimension so that they
need merely be sized to ensure that the upward
velocity of the liquid is such that flocs of a desired -
size can settle out, also have the following
advantages:

- they can operate over a wide range of flow rates,
from very high to very low flow rates, at high
separation efficiencies

~ they can operate over a wide range of feed

suspended solid concentrations
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they can operate with 1low flocculant dosage
rates, irrespective of whether or not the feed is
a low turbidity feed or slurry

they have very short start-up times before full
operating floc beds are developed in the
cylinders 40

they are substantially self-cleaning during
shut -down

they have no moving parts

they have very low erosion rates

since the lower ends of the cylinders 40 are
generally not tapered or restricted, blockages
are substantially eliminated. This 1s of
particular 1importance when the feed contains
large solids, or when the flocs can become large
and sticky, such as 1s due to overdosing of
flocculants

the average upflow velocity 1in the clarifying
cylinders can be calculated directly from the
difference between the feed flow rate, and the
underflow or slurry withdrawal rate since all the
liquid overflowing the apparatus flows through
the c¢ylinders. This applies even when the
apparatus incorporates the dewatering oY
separating members 1n accordance with South
African Patent No. 93/6167

the flow rate through each clarifying cylinder 40
is automatically equalized at least partially
since all the cylinders 40 discharge into a
common clarified liquid 2zone 34. The outlet
pressure is thus the same for all the cylinders
and all the cylinders are fed from a common feed
zone. Thus, the pressure drop across each
cylinder must be substantially the same, and the
geometry of each cylinder 1s substantially
identical so that losses due to wall friction are
the same. Thus, under equilibrium conditions,
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the head loss in each cylinder by liquid shear on
the suspended flocs inside the cylinder must be
equal. Since this shear force per unit area can
be equated to the pressure due to the submerged
mass of solids suspended by the upflowing liquid,
the mass of solids within each cylinder must be
the same. Assuming thus that the mass of solids
within one cylinder becomes less than that within
the other cylinders. This implies that there
will be a lower pressure drop across that
cylinder. However, since the cylinders connect
the same 2zones, this lower pressure drop would
result in a higher flow rate into that clarifying
cylinder. This increased flow rate will transfer
more solids into that cylinder, thereby

re-establishing equilibrium.
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CLAIMS:

1. A method of separating particulate material from
a carrier fluid in which it is suspended, the method
comprising feeding a suspension of particulate material
in carrier fluid into a first zone of a body of the
carrier fluid separated from a second clarified fluid
zone thereof located at a high level in the body of
carrier fluid by means of a fluid impermeable barrier
located between the zones, with the particulate
material having a higher density than the carrier
fluid;

withdrawing clarified fluid from the clarified
fluid zone;

allowing substantially all the clarified £fluid
which enters the clarified fluid zone to pass from the
first zone to the second zone through a vertical fluid
passageway of regular or irregular cross-sectional

shape, with the fluid passageway being of substantially

constant cross-sectional area or dimension along 1its
entire length apart £from, optionally, an i1inwardly
flaring peripheral 1lip at the lower end of the
passageway so that the passageway has a reduced inlet
area, and/or a portion of increased cross-sectional
area or dimension at the upper end of the passageway,
with ortho-kinetic flocculation of solid particles
taking place in the fluid passageway so that small
solid particles are flocculated, in a floc bed within
the passageway, into larger flocs having higher
settling velocities, with the flocs dropping down
against the direction of fluid flow through the floc
bed and settling at the bottom of the body of fluid in
a settling zone.

2. A method according to Claim 1, wherein the first

zone is a feed zone, with the feeding of the suspension

being into the feed zone.
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3. A method according to Claim 1, wherein the first
zone constitutes the settling zone, with the feeding of
the suspension being effected directly into the fluid
passageway.

5 4 . Separating apparatus for separating particulate
material from a carrier fluid in which it 1is suspended,
wherein the apparatus comprises:

a vessel for containing a body of carrier fluid;
a fluid impermeable barrier separating the vessel
10 into a first zone and a clarified fluid zone located at
a high level in the vessel;
feed means for feeding a suspension of particulate
material suspended in <carrier fluid, with the
particulate material having a higher density than the
15 carrier fluid, into the vessel;
withdrawal means for withdrawing clarified fluid
from the clarified fluid zone; and
at least one clarifying member providing a
vertical fluid passageway of regular or irregular

20 cross-sectional shape, and of substantially constant
cross-sectional area or dimension along its entire
length apart from, optionally, an inwardly flaring
peripheral 1lip at its lower end so that it has a
reduced inlet area, and/or a portion of increased

25 cross-sectional area or dimension at its upper end, for
passage of fluid from the first zone to the clarified
fluid zone, the clarifying member being dimensioned for
ortho-kinetic flocculation of solid particles in a floc
bed in the passageway as the suspension passes

30 therethrough, with small solid particles thus
flocculating into larger flocs having higher settling
velocities and being capable of settling at the bottom
of the vessel in a settling zone.

5. Apparatus according to Claim 4, wherein the first

35 zone is a feed zone, with the feed means including a

fitting leading into the vessel.
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6 . Apparatus according to Claim 4, wherein the first
~one is the settling zone, with the feed means
including a conduit leading 1nto the clarifying member
so that feed suspension is fed directly into the
clarifying member.

7 . Apparatus according to Claim 4, wherein the
clarified member comprises an upright open ended
cylinder.

8. Apparatus according tO Claim 7, wherein a
plurality of the cylinders, each connecting the first
~one to the second zone, is provided, with the lengths
of the cylinders being greater than their diameters oOr
representative cross-sectional dimensions.

9. Apparatus accordling toO Claim 8, wherein the upper
ends of the cylinders flare outwardly to provide flared
portions at the upper ends of the cylinders.

10. Apparatus according to Claim 9, wherein inclined
separating surfaces, located in the flared portions of
the cylinders, are provided.

11. Apparatus according to Claim 8, wherein the
cylinders are provided with agitation means OT with
inwardly flaring peripheral lips at their lower ends
for creating local turbulence for start-up ortho-
kinetic flocculation within the cylinders.

12. Apparatus according to Claim 7, which includes

bypass means for providing a liquid bypass around the

cylinder.
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