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(87) Aliquids and particulate separator with a tangential inlet 14 can be used in a centrifugal mode or centrifugal with gas
flotation mode without the use of rotating apparatus within the cell. A pump 1 and recirculation system 2 provide the means
for centrifugal force and gas flotation. A buoyant self adjusting discharge assembly 9, 8 with a vortex of liquids surrounding
it provides the exit path for separated light liquids and light particles, and possibly also foam. In oil and water separation the
buoyant assembly allows self discharge of the oil and can be used with high oil to water ratios at high volume. Oil spill
cleanup is possible. Gas flotation may additionally be used for low volume separating applications. The separator may be

installed on a sea going vessel.
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FIG. 1

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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CENTRIFUGAL FLOTATION SEPARATOR

BACKGROUND OF THE INVENTION

This invention relates generally to the separation of
fluids of differing specific gravity with or without
contaminates of solid particulate from fluid solutions. More
particularly, this invention relates to removal of oil and
particulate intermixed with water contained in a storage tank
continually receiving water intermixed with oil and
particulate of approximately minus 200 mesh with some minus 60
mesh coming from a ground pollution washplant operation. This
required continual removal of pollution products from the
water in the storage tank. A search for a device suitable to
treat the polluted water revealed only costly, intricate
apparatus prone to mechanical problems, maintenance problenms,
expensive filters to replace, etc. It appeared that the
answer to the problem would be two separatbrs, a centrifugal
separator and a flotation separator. This was unacceptable.
U.S. Patents 4175040 and 4534860 describe centrifugal oil
separators, one being complex and the other relatively simplé.
U.S. Patent 4534862 describe apparatus for f19tation and the
mechanics of bubble and particle attachment. VIt is poséiﬁle
to separate oil and fine particulate from fluid solutions by
flotation but typical apparatus is slow, large and cumbersome.

Nothing suitable was found for the specific requirements



necessary. The invention uses no rotating apparatus or
bearings within the cell, eliminating mechanical malfunction,
is low cost, easily built, with no complex adjustments. A
pump, preferably with a variable épeed drive provides the
power to operate the separator. The invention is not limited
to any specific separation process. It is usable as a
centrifugal separator alone or flotation separator using gas.
Due to the simple design and capacity it is intended for use
as a primary or head end separator. Others skilled in the art
would find the invention useful in different applications in

other fields of industry.

SUMMARY OF THE INVENTION

The subject of this invention is therefore an apparatus
for separation of fluids and particulate from fluid solutions
using centrifugal force with or without gas flotation. The
object of the invention is to provide a separator with a
minimal amount of moving parts minimizing mechanical
malfunctions. Another object is to provide a separator with
optional separation means having a minimal amount of
adjustments and retain flexibility under different separating

requirements and conditions.

DESCRIPTION OF THE DRAWINGS
Reference to figures 1 and 2 will make the description of
the invention more fully understood. Figure 1 is a cross

sectional view, figure 2 is a top view.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The use of the word "fluid" and "fluids" in the
specification and claims is intended to have the same meaning
as "liquid" or "liquid solutions" for descriptive and
functional purposes. _

The invention in drawings 1 and 2 is comprised of
vertical elongate vessel 5 defining a cylinder, pump means to
supply fluids into at least one input tube 14 attached
adjacent the lower periphery of the vessel 5, entering
horizontally at a tangent. The input tube diameter is reduced
at the entrance to the vessel to gain vortical fluid velocity.
More than one input tube can be used to obtain fluid velocity
more efficiently, reducing the danger of forming emulsions. A
nozzle with a sealing cap 21 is attached to input tube 14 for
injection of gas or chemicals. The circular bottom plate 6
has an aperture in the center, an aperture adjacent the center
aperture and an aperture adjacent the outer periphery. A
launder 16 circumscribes the upper outer periphery of the
elongate vessel 5 for collection of discharged high specific
gravity fluids and high density particulate. Tangential
outlet tubes could be used in place of a launder but they
cause a turbulence at the tube around outer periphery,
degrading performance of the separation. At least one conduit
means 7, such as a flexible hose is attached to the launder 16
for transportation of the fluids and particulate to a desired
place. A contaminate trap 17 with a drain plug is attached to
the outer aperture in bottom plate 6. A vertically oriented

annular discharge assembly is comprised of annular frame



member 11, defining an annular cylinder, a vertically oriented
rguide rod 10 is attached in the center of the veptiéal axis of
cylinder 11, the lower porfion formed with an offset and
fixedly attached onto the inner wall of frame member 11.
Buoyant annular upper member 9 comprises two elongate
cylinders, the inner cylinder being less in diameter than the
outer cylinder, leaving a substantial annular space between
the walls, the annular space is closed at the top and bottom
with flat plates cut to fit the annular space between the
walls and fixedly attached airtight. Holes are drilled and
tapped for pipe plugs 23 in the top and bottom flat plates
between the inner and outer walls for adding or removing fluid
from the annular space, forming an airtight annular space
within the inner and outer walls of buoyant cylinder 9. This
arrangement enables buoyant cylinder 9 to float in fluid
mixtures and allows the specific gravity of buoyant cylinder 9
to be changed. The inner wall of cylinder 9 is made longer
than the outer wall, leaving the inner wall projecting out
past the outer wall some on one end, defining a buoyant
annular double wall cylinder having a sealed annular space
between the walls with an inner wall projection on one end.
The inner wall of 9 has a plurality of short members 24
attached midway between the top and bottom to allow a loose
fit with rod 10, restricting horizontal movement of 9, yet
allowing 9 to have some tilt off the vertical axis should the
separator move out of vertical plumb, such as would occur if
the separator were installed on a sea going vessel. The loose

fit between 9 and 10 allows the separator to operate reliably



during vertical angle changes of the vessel. Member 8 is an
annular collapsible member, collapsible in the vertical axis,
defining a circular bellows, and is attached to the upper
outer periphery of annular cylinder 11 and the remaining end
of annular collapsible member 8 is attached to the outer
periphery of the projecting inner wall of buoyant annular
cylinder 9. Annular cylinder 11 penetrates and is attached
vertically to the center aperture of bottom plate 6 in the
center of vertical axis of vessel 5, the vertical guide rod 10
restricts horizontal movement of the annular collapsible
member 8 and buoyant annular cylinder 9. The discharge
assembly is watertight around the outer periphery and annular
the full length, the arrangement allows a vertical movement of
cylinder 9 at least one third the height of vessel 5. Due to
the buoyancy provided by the closed annular space within the
inner and outer walls in cylinder 9, a vertical annular
discharge assembly that is self adjusting in vertical height
in accordance with the fluid level surrounding cylinder 9 is
provided. There is a slight resistance to vertical movement
of cylinder 9 presented by the bellows and cylinder 9 is made
with more buoyancy than would be necessary and then weighted
to the operating specific gravity, isolating it somewhat from
the bellows resistance to movement. Vertical movement
stability of 9 is aided by the weighting. The discharge
assembly components are arranged and assembled to allow the
upper end of cylinder 9 to reach slightly above the upper edge
of vessel 5. A deep vortex can be formed during operation and

the lower limit of travel of cylinder 9 is taken into



consideration also. The minimum usable vertical travel of
cylinder 9 should be at least one third the height of the
vessel. In the event of operation stoppage or malfunction no
liquid flow down the discharge assenbly is possible. Some
vortex is normally present during operation and in the event
of stoppage or malfunction the fluid drops as the vortex
subsides and no fluid flow is possible at the outer discharge
launder 16.

The discharge assembly is somewhat synergistic in the
fact that it is self leveling in fluids and can also self
discharge low specific gravity fluids being separated from
high specific gravity fluids because the specific gravity of
cylinder 9 can be adjusted to approximately the point of
equilibrium between the high and low specific gravity fluids
wherein the top of cylinder 9 will float above the high
specific gravity fluid and the top will sink below the surface
of the low specific gravity fluid. For example, in the
separation of oil from water the buoyant cylinder 9 would be
adjusted by weighting with fluid thru plug 23 hole for the top
to float an inch or two of its height above the water, the
fluid velocity is adjusted to have a vortex form, as oil
starts to build up in the vortex the oil does not displace any
significant amount of area of cylinder 9 and due to the lower
specific gravity the oil will not float cylinder 9 upwards at
the same rate as the water would and cylinder 9 does not float
any significant amount higher, consequently after a certain
amount of oil buildup in the vortex surrounding annular

cylinder 9 the oil reaches the top of cylinder 9 and flows



over the top and into the annular discharge assembly and out
of the vessel. No gas charging of the fluids or foam
flotation is necessary, the oil will self discharge out of
separator thru the central discharge assembly. The only
requirement is that some vortex be used, there will always be
some oil remaining in the vortex. This particular advantage
of the discharge assembly being able to self discharge lighter
fluids allows the separator to be used as a stand alone
centrifugal separator for fluids of differing specific gravity
without the use of flotation. Separation at high oil to water
ratios, high volume with respect to vessel size can be
accomplished, such as needed in oil spill cleanup. For
flotation use of the separator an air or gas eductor
arrangement (not shown in the drawings) can be used with the
tangential inlet tube for charging the fluids with gas, an old
method well known those skilled in the art and requiring no
further explanation. A conduit {2 is attached to the lower end
of frame member 11 for transportation of separated foam and
fluids coming down the discharge assembly from within the
elongate vessel, the other end of conduit 12 is connected to
the intake of a centrifugal air blower 19. The outlet of
blower 19 has a filter holder for plastic or stainless steel
strand filter or cellular filter attached to the air outlet.
The blower 19 is the removal means for the foam from within
the vessel and the filter helps to break down and dehydrate
the foam. If a centrifugal pump is used for pump 1, it can be
modified for air or gas sparging by removal of the bowl

surrounding the impellers and all the impeller drilled with
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holes thru the flat portion near the outer end uﬁiformly to
retain balance. This is not shown in the Arawings, those
skilled in the art know the construction of pumps, the size
and amount of the holes are optional, but in a five horsepower
closed impeller water pump'about five one sixteenth inch holes
per blade thru the flat part is all that is required, pumps
differ in rpm, number of impellers, diameter, head design,
etc., and one must use their own judgment on the holes. The
holes cause increased slip when air is admitted into the pump
and consequently decreases efficiency of the pump 1 somewhat
and also causes some internal turbulence that decreases the
efficiency somewhat more. The loss of efficiency is offset by
gaining an efficient small bubble-fluid dispersion apparatus
necessary in flotation separation. There is little noticeable
internal turbulence or loss in efficiency when no air is used.
The capacity of the pump 1 is taken into consideration due to
the foregoing factors. The modified pump would be useful for
particle separation and some immiscible liquid solutions. A
low turbulence pump must be used for fluid separations if a
danger of mixing or forming an emulsion exist. The pump 1 is
powered with a variable speed drive 18 to adjust operating
conditions. The pressure outlet port of pump 1\is attached to
input tube 14. An adjustable intake flow control valve is
attached to pump 1 intake port. The pump 1 intake port also
has plurality of spring loaded, self closing, self aspiration
valves 3 attached, the valves provided with sealing caps,
providing a means for admittance of air or gas when needed or

all valves 3 capped off when no air or gas is needed. 2n



intake tube 13 is attached to intake flow control valve 15. A
nozzle 22 with a sealing cap is attached to intake tube 13,
providing a point for admittance of gas or chemicals. Valve
15 controls fluid supply to pump 1 intake port, and controls
suction at pump 1 intake port, thereby effecting operation of
valves 3 when they are in use. A recirculation tube 2 is
attached and penetrates the remaining aperture in the bottom
plate 6, extending vertically into the elongate cylinder 5 a
short distance from the bottom adjacent to the cylinder frame
member 11. The other end of recirculation tube 2 is attached
to adjustable valve 4. Valve 4 is also attached to pump 1
intake port. Various plumbing fittings are required.
Recirculation of the solution is normally necessary or there
would be an excessive amount of solution flow thru the
separator and little time for adequate separation to occur.
Valve 4 controls the amount of recirculation flow of fluid
solution and also effects the centrifugal force developed, the
depth of the vortex and the amount of solution processed in a
given time. Adjustment of valve 15 and variable drive 18
cooperates with valve 4 to achieve the desired operating
conditions. At start up of operation, the weight of buoyant
cylinder 9 is adjusted until about one or two inches of the
top of 9 floats above the highest specific gravity fluid in
the vessel, valves 3 should be capped off, variable drive 18
at low speed, valve 4 open more than valve 15 to let the
solution build up gradually, adjusting variable drive 18,
valves 4 and 15 until a vortex forms, continuing adjustments

until desired results are obtained. During flotation



‘separation normally only a small amount of foam is necessary
for satisfactory separation. Many contaminants in solutions
will foam without gas, if not, gas is admitted thru valves 3.
Nozzles 21 and 22 normally capped off can be used for
admittance of gas or chemicals such as flotation foaming
agents, foam suppressing agents or flocking agents.

The foregoing description of the preferred embodiment of
the invention has been presented for the purposes of
illustration and description. ' It is not intended to be
exhaustive or to limit the invention to the precise form
disclosed. Other modifications and variations are possible in
light of the above teaching. Some other embodiments will be
suggested that have merit and should be considered.

An optional skimmer blade could be used during flotation.
The blade is flat, light weight material, easy to form and has
a long slot on one end, attached to a bracket that also has a
slot, and a pin engages the two slots, together forming a
sliding pivot hinged arrangement. The other end of blade is
curved on the bottom edge to conform as well as possible with
the annular opening of buoyant cylinder and be able to follow
the vertical movement of the buoyant cylinder, the bracket
attaches to the top of launder. The rotation of the fluid
causes the foam to rotate also and the blade deflects the foam
into the cylinder.

A top cover for the vessel could be made from a round
flat plate slightly larger in diameter than the véssel,
attached with brackets to the side wall, leaving about a one

half inch gap between the cover and the top oﬁter periphery of
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the vessel. The cover would be particularly useful for
seagoing installation. An adapter with a plurality of spiral
grooves circumscribing the upper periphery and extending over
the top to the inner wall could be made that fits over the top
of buoyant cylinder .9 of the discharge assembly, the grooves
being in the direction and angle that would enable rotating
fluids to climb up and over the top and flow down the inside
of buoyant cylinder 9. The adapter would enable separation of
substantially all the low specific gravity fluids remaining in
the vortex without the use of foam or flotation and could be
made for fast installation and removal.

An annulus made of flat plate circumscribing the upper
inner periphery of elongate cylinder 5 reducing the inner
diameter of the elongate cylinder 5 would enable increasing
fluid velocity, thus increasing centrifugal force of the
fluid, possibly obtaining more complete separation, however
the lip would be a barrier for heavier solids rotating around
the inner wall, unable to exit the separator and a buildup of
solids would occur, therefore no solutions containing solids
could be processed. If the annulus angled upwards toward
the inner diameter the solids could exit.

Another embodiment is a conical shape elongate cylinder 5
that would enable solutions containing a high volume of heavy
solids to flow over the outer edge due to centrifugal force.
An annulus reducing the inner diameter with a steep upward
angle toward the inner diameter could be useful in restricting

the solids somewhat slowing their exit and allowing more
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separating time should they be contaminated with oil or other
contaminates.

Using a frusto-conical shape elongate cylinder 5 allows
lower fluid inlet velocity and retains the ability to form a
deep vortex due to the inc;easing fluid velocity as the fluid
moves upward into a decreasing diameter cylinder. This shape
would allow fluids prone to emulsion or mixing to be pumped at
a lower velocity and may be the best shape vessel for
separating oil and water or other combinations of fluids.
Recirculation of part of the separated discharged fluid from
the launder 16 could be arranged by adding a conduit and valve
between the recirculation tube and thé receiving point of the
fluids that have been discharged into the launder allowing
selection of fluid in the recirculation circuit. This would
benefit the separation percentages of fluids and be of
particular value if used with a frusto-conical shape vessel.
Redﬁcing the recirculation fluid flow from within the vessel
correspondingly reduces the depth of vortex formed in a
cylindrical vessel so recirculation of discharged fluid would
work well with a frusto-conical shape vessel that forms a

vortex easily.
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CLAIMS

1. An apparatus for separating intermixed fluids
containing high specific gravity fluid and low
specific gravity fluid including fluid containing particulate
of varying density including those of high density and those
of low density comprising:

(a) a vertically oriented elongate vessel, wherein
the shape of said elongate vessel is selected from the group
consisting of cylindrical, conical and frusto-conical;

(b) at least one tangential inlet tube means
fixedly attached to the lower portion of the vessel wall for
receiving fluids supplied to said elongate vessel;

(c) a pump means for supplying said fluids into
said tangential inlet tube means with sufficient velocity to
create a centrifugal force field of said fluids, including the

formation of a vortex of said fluids within said elongate

vessel;

(d) a gas intake means for admittance of gas into
said vessel, said gas forming foam for collection of said
particulate and said low specific gravity fluid contained in

said elongate vessel;

(e) a vertically oriented annular discharge
assembly having buoyancy means for self adjustment in the
height of said annular discharge assembly in accordance with
the depth of a vortex formed of said fluids surrounding the
discharge assembly and being located substantially along a

vertical axis defined by said vessel, said annular discharge
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assembly penetrating the bottom out to the.eiterior of said
elongate vessel;

(f) said discharge assembly further comprising
conduit means connected to said buoyancy means for
transporting said low specific gravity fluid, said foam and
said low density particulate;

(g) collection means at the top of the elongate
vessel and above said buoyancy means for receiving said high
specific gravity fluid and said high density particulate being
discharge directly from the upper outer periphery of said

elongate vessel.

2. The apparatus of claim 1 wherein:

(a) said collection means comprise a launder
circumscribing the outer periphery of said elongate vessel for
receiving of said high specific gravity fluid and said high
density particulate from the vessel, said launder fixedly
attached to the top of said elongate vessel;

(b) at least one outlet tube means for transport of
said high specific gravity fluid and said high density
particulate penetrating into and fixedly attached to said
launder; .

(c) intake valve means for flow control of said
intermixed fluids fixedly attached to said intake tube means;

(d) said gas intake means for admittance of said
gas into said pump means being at least one self aspiration
valve, said self aspiration valve is fixedly attached to said

intake tube means, said gas being used to create gas bubbles
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therein said fluids, said gas bubbles therein said fluids
result in forming foam on the surface of said fluids charged

with said gas therein said elongate vessel.

3. The apparatus of claim 1 wherein said annular
discharge assembly further comprises:

(a) a buoyant annular upper member which is part of
said buoyancy means and said member having a sealed annular
space within an inner and outer wall, said sealed annular
space having at least one air tight removable plug means for
adding and removal of fluid from said sealed annular space,
therein providing means for changing the specific gravity of
said buoyant annular upper member, said buoyant annular upper
member is attached to one end of an annular collapsible
member, the other end of said collapsible member being
attached to an annular frame member, said annular frame member
penetrating and fixedly attached to the bottom in the center
of the vertical axis of said elongate vessel;

(b) a vertically oriented guide rod, being fixedly
attached to the inner periphery of said annular frame member,
said annular collapsible member and said buoyant annular
member being placed thereover said guide rod to restrict
horizontal movement of said annular collapsible member and

said buoyant annular member;

(c) said conduit means having one end fixedly
attached to the bottom of said annular frame member for
transport of said low specific gravity fluid, said foam and

said low density particulate from said annular discharge assembly;

15



(d) a centrifugal air blower means for removal of
said foam from said conduit means, the air intake of the

blower means being fixedly attached to said conduit means.

4. The apparatus of claim 3 wherein the specific
gravity of the said buoyant annular upper member is
approximately between the specific gravity of said high
specific gravity fluid and said low specific gravity fluid

contained within said elongate vessel.

5. The apparatus of claim 1 further comprising a fluid
recirculation means for pumping a controllable portion of said
fluids from said elongate vessel back thru

said pump means to said inlet tube means.

6. The apparatus of claim 5 wherein said fluid
recirculation means comprise a recirculation tube, one end of
said recirculation tube enters said elongate vessel thru the
bottom of the vessel and fixedly attached to the bottom of
said elongate vessel, the remaining end of said recirculation
tube being fixedly attached to an adjustable recirculation
control valve, said recirculation control valve being attached

to said pump means.

7. The apparatus of claim 1 wherein said pump means

motive force is variable.
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8. The apparatus of claim 1 wherein said pump means
comprise a centrifugal pump having impeller blades, said
impeller blades having a plurality of holes therein adjacent

to the outer periphery of said impeller blades.

9. The apparatus of claim 3 wherein said buoyant member
of said annular discharge assembly has a plurality of inclined
grooves circumscribing the outer periphery of said buoyant
member, the angle of said grooves being set to permit
vortically flowing fluid of low specific gravity to climb up
and over said buoyant member and into the interior of said

annular discharge assembly.

10. The apparatus of claim 8 wherein said elongate
vessel has an annulus circumscribing the inner wall of the
vessel, said annulus’ inner diameter being substantially less
than the vessel inner diameter and attached to said inner wall

of said elongate vessel adjacent to the top.

11. A method of separating high specific gravity liquid
and high density particulate from low specific gravity liquid
and low density particulate existing in a liquid mixture,

comprising the steps of:

(a) pumping said mixture into an elongate vessel
thru a tangential inlet tube means, thereby forcing the
mixture into a circulating mass, thereby producing a
centrifugal force field of liquid within said elongate vessel,

said pumping means having means for charging said liquid
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mixture with gas bubbles resulting in a foam mixture on the
sur?ace of said liguid mixture, said foam mixture containing
said low density particulate and said low specific gravity
liquid tﬁerein, said pumping means operating'at sufficient
pressure to create sufficient velocity of the said liquid
nixtuFe to create a vortex within said elongate vessel; said
elongate vessel having a vertically oriented annular discharge
assembly having buoyant means for self adjustment in the
height of said annular discharge assembly in accordance with
said liquid mixture surrounding said annular discharge
assembly;

(b) having the top of the discharge assembly
achieve a position in said vortex wherein the top of said
annular discharge assembly is slightly above the said high
specific gravity liquid;

(c) having the higher specific gravity ligquid and
higher density particulate migrate to the outer periphery of
said elongate vessel where said high specific gravity liquid
and said high density particulate are removed directly through
an outlet which is at the upper outer periphery of said
elongate vessel and above said buoyant means;

(d) having said low specific gravity liquid and
said foam mixture migrate toward the bottom of the vortex

where they are discharged into said annular discharge

assembly.
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12. The method of claim 11 further comprising the steps
of recirculating a portion of said liquid mixture from said

elongate vessel back through said pumping means and back into

the vessel.

13. The method of claim 12 wherein only said high
specific gravity liquid and said low specific gravity liquid
are present within said elongate vessel, said gas bubble
charging of said liquids is not used, said foam mixture is
absent within the vessel and a centrifugal force field of the
liquids is the separating means wherein:

(a) said high specific ligquids migrate to the outer
periphery of said elongate vessel where the high specific
gravity liquids are removed directly through an outlet at the
upper outer periphery of the vessel that is above said buoyant
means;

(b) séid low specific gravity liquids migrate into
the vortex where they are discharged into said annular

discharge assembly.
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14. Centrifugal separation apparatus comprising a chamber
having a substantially vertical axis, pump means for
introducing a mixture of fluids into said chamber adjacent the
base thereof through a tangential inlet tube, and a discharge
assembly located within the chamber and extending upwardly from
the base of the chamber, said discharge assembly including
buoyancy means such that, in use, the height of the discharge
assembly will vary in dependence on the specific gravity of the

mixture of fluids.
15, Centrifugal separation apparatus substantially as
hereinbefore described with reference to and as shown in the

accompanying drawings.

16. A method of separation comprising the use of apparatus as

claimed in Claim 14 or Claim 15.
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AMENDMENTS TO THE CLAMS HAVE BEEN FILED AS FOLLOWS

14, Centrifugal separation apparatus comprising a chamber
having a substantially vertical axis, a tangential inlet tube
located adjacent the base of the chamber, pump means for
introducing a mixture of fluids into said chamber through said
tangential inlet tube, and a discharge assembly located within
the chamber and extending upwardly from the base of the
chamber, said discharge assembly including buoyancy means such
that, in use, the height of the discharge assembly will vary in

dependence on the specific gravity of the mixture of fluids.

15. The apparatus of Claim 14, wherein said discharge assembly

includes a bellows.

16. The apparatus of Claim 14, wherein the buoyancy means
comprises an annular member formed from two cylinders located

one within the other.

17. The apparatus of Claim 14, wherein said discharge assembly
comprises a lower vertically extending cylindrical member
attached to a central aperture in the base of the chamber, an
upper cylindrical member and means interconnecting the upper
and lower cylindrical members which permits vertical travel of
the upper cylindrical member relative to the lower cylindrical

member.
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18. Centrifugal separation apparatus substantially as
hereinbefore describad with reference to and as shown in the

accompanying drawings.

19. A method of saparation comprising the use of apparatus as

claimed in any one of Claims 14 to 18.
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