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(54) METHOD OF CLARIFYING A LIQUID

(57) A method of clarifying a liquid containing sus-
pended particles is provided. The method comprises the
steps of: (a) flowing a liquid containing suspended par-
ticles into a centrifuge container arranged on a centrifuge
rotor; (b) rotating the rotor at a first rotational speed to
concentrate the suspended particles at an outer end of
the centrifuge container as a concentrated pellet; (c)
rotating the rotor at a second rotational speed and re-
moving the liquid from the centrifuge container; and (d)
flushing the concentrated pellet from the centrifuge con-
tainer.
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Description

Background

[0001] The present specification relates to methods of clarifying a liquid containing suspended particles, a centrifuge
container, and associated aspects.
[0002] Clarification of particle-containing liquids if a common process, for examples in bioprocessing. To do so, depth-
filtration or pelleting-bowl centrifugation are the currentmethods to remove small particles (<50µm, especially <10µm, or
<1 µm, or even 0.1 µm or less) from a suspension. These methods require different filters with different pore sizes
according to the particle size that needs to be removed.
[0003] Furthermore, the method of depth-filtration is cost-intensive as the filters needs to be renewed depending on
material and special liquid for flushing is required tomaintain operation. Bothmethods only allow for the use of the filtered
material by a complicated process in cleaning the clogged filters. The filter portion must typically be opened, which often
requires manual input. This is particularly problematic for bioprocessing since exposure between then manual input and
the system needs to be prevented.
[0004] Pelleting drum rotors are used in certain continuous-flow clarification systems. However, these can only be used
in an open system and hence result in a risk of contamination. There is also no simple recovery of the pelletised material.
[0005] Further examples of centrifuge systems include the Beckman JCF-Z. This requires the rotor to be disassembled
andscraped in order to removeanybuild-upmaterial. This is complexand results in the systembeingnon-operational for a
period of time.
[0006] There are also disc-stack type centrifuges such as the Heading Separator. Again, this cannot be operated in a
closed system and so introduces risks of contamination. There is also no pelletisation of material for recovery.
[0007] There is therefore a need for an improved method of clarifying a liquid, and a centrifuge container.

Summary

[0008] Amethodof clarifyinga liquid containingsuspendedparticles is provided.Themethodcomprises thestepsof: (a)
flowing a liquid containing suspended particles into a centrifuge container arranged on a centrifuge rotor; (b) rotating the
rotor at a first rotational speed to concentrate the suspended particles at an outer end of the centrifuge container as a
concentrated pellet; (c) rotating the rotor at a second rotational speed and removing the liquid from the centrifuge
container; and (d) flushing the concentrated pellet from the centrifuge container.
[0009] This method effectively produces both a clarified liquid (supernatant) as well as a pellet of the suspended
particles. Either or both can then be taken for further processing.
[0010] The first rotational speed and the second rotational speedmay be in different directions to one another. This can
helpmitigate negative effects of Coriolis forces, or indeed take advantage of these forces to improve the collection and/or
recovery steps.
[0011] The second rotational speed may be slower than the first rotational speed. As noted above, they may be in
diffident directions and so this is themodulus or absolute value of each speed. In the concentration step the g-forces need
to be high in order to sediment the suspended particles. Then the removal of the liquid and/or the concentrated pellet then
takes place with a lower g-force.
[0012] The first rotational speed may be a maximum operating speed for the centrifuge rotor. This is either a highest
speed for the particular method and/or a maximum safe operating speed for the apparatus used. High speed rotation is
needed to separate out smaller particles.
[0013] The method may further comprise the step of: recovering the flushed pellet. For example, the pellet may be
collected in a container or the like. The recovered pellet may then be used in further processing.
[0014] The liquidmaybeflowed into the centrifugecontainer via a first fluid port in step (a) and the liquidmaybe removed
from the centrifuge container via the first fluid port in step (c). This is an effective arrangement to achieve the method.
[0015] The concentrated pellet may be flushed from the centrifuge container via the first fluid port. This is an effective
arrangement to achieve the method.
[0016] The method may further comprise between steps (b) and (c) the steps of: (b-i) flowing the liquid from the
centrifuge container; and (b-ii) flowing the liquid back into the centrifuge container, while rotating the rotor at a third
rotational speed. This repetition ensures that all suspended particles may be pelletised.
[0017] The liquid may be flowed from the centrifuge container via a second fluid port in step (b-i) and the liquid may be
flowed back into the centrifuge container via the first fluid port in step (b-ii). This is an effective arrangement to achieve the
recirculation.
[0018] The third rotational speed may be the same as the first rotational speed. This is a highspeed which effectively
pelletises small particles.
[0019] The method may further comprise the steps of: detecting an amount of suspended particles in the liquid flowing
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from the centrifuge container and/or the liquid flowing into the centrifuge container; repeating steps (b-i) and (b-ii) until the
amount of suspended particles is below a threshold, and then proceeding to step (c). This allows for all particles (within a
tolerance) to be removed from the liquid.
[0020] Themethodmay further comprise thestepof: flowingagas into thecentrifugecontainerduringstep (c) and/or (d).
Thegasflowing in canhelp force liquid from thecentrifugecontainer. Thisflowingof thegascanbe_bydirectly pumping the
gas into the centrifuge container, or the gas can be drawn into the centrifuge container by removing material from the
centrifuge container and thereby generating a negative pressure therein.
[0021] The gasmay be flowed into the centrifuge container via the second fluid port. This is an effective arrangement to
achieve the method, while avoiding gas bubbles.
[0022] The method may further comprise the steps of: estimating a settling time based on one or more of: physical
properties of the suspended particles; dimensions of the centrifuge container; physical properties of the liquid; the first
rotational speed, wherein step (b) is performed for the estimated settling time before step (c). This helps ensure that all
suspended particles are pelletised.
[0023] The method may further comprise the steps of: removing the centrifuge container from the centrifuge rotor;
attaching a new centrifuge container to the centrifuge rotor; and repeating steps (a) to (d). This is a single-use method
whereby a new centrifuge container is used for each operation.
[0024] A centrifuge container for clarifying a liquid containing suspended particles is provided. The centrifuge container
comprises: a connection end for connection to a centrifuge rotor; an outer end for concentration of particles, the outer end
spaced from theconnectionend ina first directionalonga longitudinal axis of the centrifugecontainer; a first fluidport at the
connection end for flowing a liquid containing suspended particles into the centrifuge container; a second fluid port at the
connection end for flowing the liquid containing suspended particles from the centrifuge container; and a flushing tube
extending from the connection end towards the outer end, the flushing tube for delivering a flushing fluid to flush
concentrated particles from the outer end.
[0025] This centrifuge container is particularly effective for clarifying liquids containing suspended particles, particularly
to allow for efficient recovery of either or both of the liquid and the particles.
[0026] The centrifuge container may taper in the first direction. This tapering helps to prevent flow separation.
[0027] The taperanglemaybe30degreesor less, preferably16degreesor less.Forexample,a total taperanglemaybe
approximately 8 degrees. These can be effective angles for preventing flow separation which* allows for an even flow
distribution. If flow separation from the container walls does occur, there is an increased risk of eddies and dead zones.
These then collect particles which hampers the concentration.
[0028] The taper angle may be at least 3 degrees. These can be effective angles for preventing flow separation.
[0029] The taper angle may be such that fluid flow from the outer end to the connection end does not have flow
separation.
[0030] Thecentrifuge containermay comprise a cylindrical section at the connection end, followed bya tapering section
which tapers in the first direction. Such a shape provides an effective centrifuge container.
[0031] The cylindrical section may have a shorter length in the first direction than the tapering section. The tapering
section therefore has the majority of the fluid flow in the centrifuge container.
[0032] The tapering sectionmaybeat least twiceas longas the cylindrical section in the first direction, preferably at least
four times as long. The tapering section therefore has the majority of the fluid flow in the centrifuge container.
[0033] The outer end of the centrifuge container may be at least partially shaped as a torus. A torus is a surface of
revolution generated by revolving a circle in three-dimensional space one full revolution about a torus axis that is coplanar
with the circle. The torus or toroidal shape helps to redirect fluid flow while maintaining momentum and having minimal
pressure loss.
[0034] The outer end of the centrifuge container may be a semi-torus. A semi-torus is formed by splitting a torus in half
alongaplanewhich isperpendicular to the torusaxis. Inotherwords, theplanepasses throughacentreof thecircleused to
define the torus about the circle’s entire revolution about the torus axis. This effectively leaves a semi-circular shapewhich
is beneficial for redirecting the fluid flow.
[0035] The torusmaybeahorn torus.Ahorn torus isa toruswhere the torusaxis of revolution is tangent to thecircleused
to define the torus. This is an effective torus shape for redirecting fluid flow in this manner.
[0036] A centre of the torus may be aligned with an outlet of the flushing tube. This helps to redirect flushing fluid flow
efficiently.
[0037] The outlet of the flushing tubemay be adjacent to the centre of the torus, preferably the outlet of the flushing tube
is co-planar with the centre of the torus. This helps to redirect flushing fluid flow efficiently.
[0038] The torus may have a minor diameter of at least 0.5 times a diameter of the flushing tube, preferably at least 1
times, more preferably at least 1.5 times. This helps to redirect flushing fluid flow efficiently.
[0039] The torus may have a major diameter of at least 1 times a diameter of the flushing tube, preferably at least 1.5
times, more preferably at least 2 times. This helps to redirect flushing fluid flow efficiently.
[0040] The first fluid port, the second fluid port and the flushing tube may be spaced from one another in a second
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direction, transverse to the first direction. That is, they may be arranged in a line. This is an efficient centrifuge container
arrangement.
[0041] Theflushing tubemaybebetween the first fluidport and the secondfluid port in theseconddirection. Theflushing
tube is between the two ports, to reflect the respective use of each port.
[0042] The second fluid port may comprise a declined section extending towards an inner wall or surface of the
centrifuge container. In otherwords, the declined section extends transverse to the first direction and the seconddirection.
The declined section extends, in use, downwardly towards an inner wall/surface of the centrifuge container. This means
that in use material which tends to pool at lower surface under gravity can be removed using the declined section.
[0043] Theflushing tubemaybealignedwith the longitudinal axisof thecentrifugecontainer.Thepelletmay formaround
the longitudinal axis of the centrifuge container and so directing the flushing flow here can help to effectively remove the
pellet.
[0044] An inner surface and/or an outer surface of the centrifuge container may be rotationally symmetric about the
longitudinal axis of the centrifuge container. This excludes, for example, the declined portion and/or the flushing tube. It is
the overall shape of the inner surface or outer surface of the centrifuge container. A rotationally symmetric centrifuge
container is easier to manufacture and helps to pelletise the suspended particles.
[0045] A centrifuge is provided. The centrifuge comprises: a centrifuge housing; a centrifuge rotor rotationally mounted
in the centrifuge housing to rotate about a centrifuge axis; and a centrifuge container as discussed herein attached to the
centrifuge rotor. This centrifuge takes advantage of the benefits of the centrifuge container.
[0046] The centrifuge may further comprise a plurality of centrifuge containers as discussed herein attached to the
centrifuge rotor, each centrifuge container rotationally spaced about the centrifuge axis from one another. This increases
the processing capacity of the centrifuge.
[0047] Amethod of operating the centrifuge is provided. Themethod comprises the steps of: flowing a liquid containing
suspendedparticles into the centrifugecontainer; rotating the rotor at a first rotational speed to concentrate the suspended
particles at an outer end of the centrifuge container as a concentrated pellet; rotating the rotor at a second rotational speed
and removing the liquid from the centrifuge container; and flushing the concentrated pellet from the centrifuge container.
Thismethod effectively produces both a clarified liquid (supernatant) as well as a pellet of the suspended particles. Either
or both can then be taken for further processing.
[0048] Thecentrifuge container used in any of themethodsdiscussedhereinmaybe the centrifuge container discussed
herein. This takes advantage of the benefits of the method and the benefits of the centrifuge container. The centrifuge
container is particularly beneficial for the method discussed herein.

Brief Description of the Drawings

[0049] The present specification makes reference to the accompanying drawings, by way of example only, in which:

Figure 1 shows a schematic cross-section of a centrifuge container during a method of clarifying a liquid;
Figure 2 shows a schematic cross-section of the centrifuge container of Figure 1 at a later point during the method of
clarifying a liquid;
Figure 3 shows a schematic cross-section of the centrifuge container of Figure 1 at an even later point during the
method of clarifying a liquid;
Figure 4 shows a flow-chart of a method of clarifying a liquid; and
Figure 5 shows a flow-chart of a further method of clarifying a liquid.

Detailed Description

[0050] Figures1 to3showacentrifugecontainer100.This centrifugecontainer100maybeused in themethodshown in
Figures 4 and 5, but it also may be used in any other suitable centrifuge method.
[0051] The centrifuge container 100 is suitable for clarifying a liquid containing suspended particles 2. The centrifuge
container 100 may be mounted in a centrifuge in order to achieve this. Specifically, the centrifuge container 100 may be
attached to a centrifuge rotor which is rotationally mounted in a centrifuge housing. In use, the centrifuge rotor rotates
about a central axis of rotation (identified as a centrifuge axis), thereby rotating the centrifuge container 100.
[0052] The centrifuge container 100 has a connection end 12 which is the end which, in use, connects to the centrifuge
rotor. For example, this may be via a screw thread arrangement, an interference fit, a locking arrangement or any other
suitable connection. The centrifuge container 100 further has an outer end 14. The outer end 14 is spaced from the
connection end 12. Specifically, this spacing is along a longitudinal axis L of the centrifuge container 100 in a first direction.
A second direction can be defined transverse (such as perpendicular) to the first direction), for example along a radial axis
R. The longitudinal axis L is an axis extending centrally along the longest dimension of the centrifuge container 100. The
first direction is from the connection end 12 to the outer end 14. In use, this first direction is radially outward from the
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centrifuge axis. This outer end 14 is where particles 2 are concentrated in use.
[0053] Thecentrifuge container 100 further comprises anumber of fluid ports 22, 24, 26. This includes a first fluid port 22
which is for flowing of a liquid containing suspended particles 2 into the centrifuge container 100. The centrifuge container
100 further comprises a second fluid port 24 for flowing of a liquid containing suspended particles 2 from the centrifuge
container 100. In certain operating modes, which will be described in more detail below, the liquid containing suspended
particles 2may recirculated through the centrifuge container by flowingout of the second fluid port 24 andback into the first
fluid port 22.
[0054] The first fluid port 22 may include a declined section 34 which extends towards an inner wall of the centrifuge
container 100. That is, the declined section 34 may be transverse to the first direction (i.e. the longitudinal axis) and/or to
the second direction. As shown in Figures 1 to 3, the declined section 34 may have a curve.
[0055] A flushing tube 27 extends into the centrifuge container 100. A flushing port 26 can be identified at or near to the
connection end 12. The flushing tube 27 extends from the connection end 12 towards the outer end 14. That is, along the
first direction. In certain examples, this flushing tube 27 may be co-axial (aligned with) with the longitudinal axis L of the
centrifuge container 100. Additionally, or alternatively, the flushing tube 27 may be arranged centrally in the centrifuge
container 100. The flushing tube 27 is spaced from the outer end 14 to allow flushing fluid to enter the centrifuge container
100 via the flushing tube 27. The flushing tube 27 allows for delivery of a flushing fluid to the centrifuge container 100 in
order to flushconcentratedparticles from thecentrifugecontainer100.Theflushing tube27 includesanoutlet 32whichwill
be discussed in more detail below.
[0056] The first fluid port 22, second fluid port 24, and flushing tube 27 may be spaced from one another in the second
direction. That is, the first fluid port 22, second fluid port 24, and flushing tube 27 (specifically the flushing port 26) may be
arranged in a line/plane with one another. For example, the flushing tube 27may be between the first fluid port 22 and the
second fluid port 24 in this seconddirection. In use, such aswhenattached to the centrifuge rotor, the first fluid port 22may
be below the flushing tube 27 and/or below the second fluid port 24.
[0057] The centrifuge container 100 has an inner surface and an outer surface. One or both of thesemay be rotationally
symmetric about the longitudinal axis L of the centrifuge container 100.
[0058] The centrifuge container 100maybe generally tapering in shape. That is, the centrifuge container 100may taper
in the first direction. The taper means that a cross-section of the centrifuge container 100 reduces in area. This does not
necessarily mean that the entire centrifuge container 100 is tapered. For example, the centrifuge container 100 may be
generally a cylindro-conical shape. That is, theremay be a tapering section and a non-tapering section. The non-tapering
sectionmay, for example, be generally cylindrical. The non-tapering sectionmay be closer to the connection end 12, with
the tapering section extending from the non-tapering section to the outer end 14. The tapering sectionmay be longer than
the non-tapering section. For example, the tapering section may be at least twice or four times as long as the cylindrical
section.
[0059] The taper of the centrifuge container 100 can be any suitable angle. Specifically, a taper angleαmaybe selected
such that fluid flow in the centrifuge container 100 from the outer end 14 to the connection end12 does not experience flow
separation. That is, the boundary layer does not detach from the inner surface of the centrifuge container 100. This could
be tested, for example, by monitoring the separation quality of the resulting product. Additionally, or alternatively, a
transparent centrifuge container 100 could beusedand the flowseparation could then beobserved.Different taper angles
could be tested until there is no flow separation (or flow separation below an acceptable threshold) observed.
[0060] For example, the taper may have a taper angleα (full taper) of 30 degrees or less, such as 16 degrees or less, or
10 degrees or less. The taper angleαmaybeat least 3 degrees a specific taper angleαmaybe 4 degrees. A total opening
angle may be 8 degrees, that is the sum of the two individual taper angles
[0061] The outer end 14 of the centrifuge container may be shaped to encourage pelleting of the suspended particles 2
and/or to encourage fluid flow through the centrifuge container 100. For example, the outer end 14 of the centrifuge
container may be at least partially shaped as a torus. That is, the outer end 14 of the centrifuge container may be at least
partially toroidal in shape. A torus is a surface of revolution generated by revolving a circle in three-dimensional space one
full revolution about a torus axis that is coplanar with the circle. In the present example, the torus axismay be co-axial with
the longitudinal axis L. This shape effectively re-directs fluid flowwhilemaintainmomentumandminimising pressure loss.
[0062] Figures1 to 3 show theouter end14shapedasasemi-toruswhich is one suitable shape for theouter end14.The
semi-torus is formed by splitting a torus in half along a plane which is perpendicular to the torus axis. In other words, the
plane passes through a centre of the circle used to define the torus about the circle’s entire revolution about the torus axis.
[0063] The torus used to shape the outer end 14 canbe any type of torus, including a ring torus, a horn torus, or a spindle
torus. In certain examples, the torus may specifically be a horn torus. A horn torus being one where the torus axis of
revolution is tangent to the circle used to define the torus.
[0064] Acentre of the torus canbedefinedasan intersection between the torus axis andaplanewhichpasses througha
centre of the circle used to define the torus about the circle’s entire revolution about the torus axis. The centre of the torus
may be aligned, such as co-axial, with the longitudinal axis L and/or the outlet 32 of the flushing tube 27. In certain
examples, the centre of the torusmay be adjacent to the outlet 32 of the flushing tube 27. That is, theymay be immediately
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next tooneanother - suchaswithin10millimetres. In certainexamples theoutlet 32of theflushing tube27and thecentreof
the torus may be co-planar with one another.
[0065] With the torusused todefine theshapeof theouterend14,amajordiameterandaminordiameter canbedefined.
Themajor diameter is the total diameter of the torus across its entirewidth. Inotherwords, thedistancebetweenoutermost
edges of the circle when it is 180° apart in the revolution used to define the torus (or twice the distance between the
outermost edgeof the circle and the torus axis). Theminor diameter is the diameter between the centre of the circlewhen it
is 180° apart in the revolution used to define the torus (or twice the distance between the centre of the circle and the torus
axis).
[0066] The minor diameter of the torus may be at least 0.5 times a diameter of the flushing tube, preferably at least 1
times, more preferably at least 1.5 times.
[0067] Separately, or additionally, themajor diameter of the torusmay be at least 1 times a diameter of the flushing tube,
preferably at least 1.5 times, more preferably at least 2 times.
[0068] An innerdiameter of the torus canalsobedefinedas thedistancebetween innermost edgesof thecirclewhen it is
180° apart in the revolution used to define the torus (or twice the distance between the innermost edge of the circle and the
torus axis). For a horn torus the inner diameter is 0, and for a spindle torus the inner diameter is negative.
[0069] A radius of the circle used to define the torusmay also be defined. This is selected as appropriate for the desired
size of the torus. For example, the radius of the circle used to define the torusmay be substantially the same as a radius of
the flushing tube 27. In this context, substantially the same may be within 25%, within 10%, or within 5%.
[0070] Inuse, thecentrifugecontainer100 isattached toacentrifuge rotor insideacentrifugehousing.Typically,multiple
centrifuge containers 100 would be attached to the centrifuge rotor. Then, the rotor is spun to operate the centrifuge.
[0071] Amethod of clarifying a liquid containing suspended particles 2will now be describedwith reference to Figures 4
and5. The liquid canbe identified asa supernatant. The suspendedparticles 2maybeoneormore of cell debris, proteins,
bacteria, etc.. Ingeneral thesuspendedparticles2mayhaveasizeof50µmor less. In specificexamples thismaybe10µm
or less, or 1µm or less, or even 0.1µm or less.
[0072] Thismethod can be performed using the centrifuge container 100 of Figures 1 to 3 and so some referencewill be
made to features of this specific centrifuge container 100. However, this must not be taken as limiting. Themethod can be
applied to any suitable centrifuge container 100 and not just those as shown in Figures 1 to 3.
[0073] In a first step 102, a liquid containing suspended particles 2 is flowed into a centrifuge container 100 which is
arranged on a centrifuge rotor. Thismay the be centrifuge container 100 of Figures 1 to 3, or any other centrifuge container
100. The flowing of the liquid containing suspended particles 2 could be via use of a pump operating in a first direction.
[0074] The rotor is then rotated at a first rotation speed in step 103. This concentrates the suspended particles 2 at an
outer end 14 of the centrifuge container 100. The concentrated particles form a concentrated pellet. This first rotational
speedmay be in a first direction (such as clockwise or anti-clockwise). Thismay generally be amaximumoperating speed
for the centrifuge rotor. That is, the highest speed that the centrifuge rotor spins during the process. This could be defined
by the process and/or by amaximumsafe speed for the particular apparatus. The first rotational speedmaybe sufficient to
induce 10,000 xg to 25,000 xg. For example, the first rotational speed may be sufficient to induce 20,000 xg. In further
examples, the first rotational speed may be up to 100,000 xg.
[0075] Figure 1 shows steps 102 and 103 for the centrifuge container 100 of Figures 1 to 3. For this centrifuge container
100 the liquidcontainingsuspendedparticles is flowed invia thefirst fluidport 22.However, theflowmaybeviaanysuitable
fluid port.
[0076] The pellet of suspended particles 2 is formed in the outer end 14. For example, this may be within the torus-
shaped region of the centrifuge container 100 of Figures 1 to 3.
[0077] In certain examples (such as shown in Figure 5), the liquid containing suspended particles 2 is recirculated
through the centrifuge container 100 in steps 104, 105. That is, it is flowed from the centrifuge container 100 (step 104) and
then flowed back into the centrifuge container (step 105).
[0078] For the centrifuge container 100of Figures1 to 3, the flow from thecentrifuge container 100 (step104)maybevia
the second fluid port 24, and then returned back to the centrifuge container 100 (step 105) by the first fluid port 24.
[0079] During this recirculation the centrifuge rotor may be rotated at a rotational speed (such as a third rotational
speed). This third rotational speed may be the same as the first rotational speed.
[0080] A particle detector may be provided to detect an amount of suspended particles 2 in the liquid flowing from the
centrifuge container 100 (step 104) and/or into the centrifuge container 100 (step 105). Thismaybe oneormore individual
detectors. The detectors may be able to quantify the amount of suspended particles 2 in the liquid, or may simply be a
binary indicator of whether there are suspended particles 2 present or not. Example particle detectors include turbidity
sensors, particle size sensors, particle counters, etc..
[0081] The recirculation may be continued as long as the particle detector indicates that an amount of suspended
particles 2 in the liquid being recirculated is greater than a threshold. This thresholdmay be at or near to 0, ormay be set at
an acceptable level. In such cases, it is onlywhen the amount of suspended particles 2 in the recirculated flow is below the
threshold that the method can continue on to further steps.
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[0082] Additionally, or alternatively, themethodmaybeprevented fromcontinuing until an estimated settling time for the
suspendedparticles 2 has passed. This settling timemay beestimated based on one ormore of: physical properties of the
suspended particles; dimensions of the centrifuge container; physical properties of the liquid; and/or the first rotational
speed.
[0083] In a specific example, the settling velocity (vp) for a suspended particle 2 (such as in the centrifuge container 100
of Figures 1 to 3) may be found by the Stokes equation as:

[0084] Where r is the radius of the suspendedparticle 2. The density of the particle isρp and the density of the fluid is ρf. g
is gravitational acceleration. The viscosity of the fluid is η.
[0085] With this settling velocity (vp), the settling time (ts) can then be calculated based on a length (lc) of the centrifuge
container 100. For example, a length of the centrifuge container 100 from connection end 12 to outer end 14. This settling
time (ts) can be calculated as:

[0086] With this settling time calculated, the steps 103 (and, where appropriate, 104 and 105) can be repeated until at
least the settling time has passed. There may be a buffer such that the actual time waited is slightly longer than the
calculated settling time (such as by 10% extra) to allow for any variations in the actual time required.
[0087] Themethod further comprises a draining step. This can encompass steps 107and108 shown in Figures 4 and5.
The centrifuge rotor is rotated at a second rotational speed (step 107) and the liquid is removed from the centrifuge
container 100. This leaves the suspended particles 1 in the pellet at the outer end 14. The liquid may be removed by
applying a vacuum and sucking the liquid from the centrifuge container 100.
[0088] The second rotational speed may be in a different direction to the first rotational speed. For example, if the first
rotational speed is in a clockwise direction then the second rotational speed may be in a counter-clockwise direction, or
vice-versa. Themethodmay take advantage of theCoriolis forces in order to aid concentration and/or recovery.When the
direction of fluid flow is changed the direction of rotation needs to also be reversed in order to take advantage of these
Coriolis forces.
[0089] The second rotational speed is selected as an appropriate speed to drain the centrifuge container 100. In certain
examples, this may be slower than the first rotational speed. Noting that the first rotational speed and second rotational
speedmaybe in different directions, it is themagnitude (or absolute value) of each that is compared for this comparison. In
certain examples, the first rotational speed may be at least twice the second rotational speed, or at least five times, or at
least 10 times. The second rotational speed may be, for example, less than 500 rpm, such as between 300 rpm and 500
rpm.
[0090] Agas, such as air or any other suitable gas,may be flowed into the centrifuge container 100 to replace the liquid.
In certain examples, the gas may be pumped to create a pressure to encourage the liquid to exit the centrifuge container
100. This could be achieved, by example, by removing material from the centrifuge container 100 (such as via a pump) to
thereby generate a negative pressure. A pumpcould be operated in a seconddirection, opposite to the first direction of the
pump, to remove material from the centrifuge container 100. In other words, and operating direction of the pump can be
reversed.
[0091] Figure 2 shows this draining step for the centrifuge container 100. However, as noted themethod is not restricted
to the centrifuge container 100 of Figures 1 to 3. The liquid may be removed from the centrifuge container 100 via the first
fluid port 22. The declined section 34 of the first fluid port 22 may be particularly beneficial to removemore liquid from the
centrifuge container 100. The gas may enter through the second fluid port 24.
[0092] Thenext stepof themethod is a recovery step (step109). In this step, the concentratedpellet is removed from the
centrifuge container 100. For example, a flushing fluidmaybedelivered to the centrifuge container 100 in order to flush the
concentrated pellet from the centrifuge container. The flushing fluid can dissolve the concentrated pellet, and/or
mechanically displace the pellet. The flushed pellet can then be recovered in any suitable method.
[0093] The flushing fluid may be any suitable fluid. In certain examples this may be one or more of: a saline solution;
buffer solution; de-ionizedwater; water for injection; and/or phosphate-buffered saline. The flushing fluidmay be selected
basedon the intended furtherprocessingof thepellet. Forexample, if thepellet iswastematerialwhichwill not besubject to
further processing then de-ionized water may be used. If the pellet is a product of interest for collection and/or further
processing then the flushing fluid may be a buffer which is neutral to the suspended particles 2 - for example water for
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injection; and/or phosphate-buffered saline. The flushing fluid could also be a fluid which acts to loosen the pellet so as to
facilitate resuspension of the particles.
[0094] In certain cases, steps 108 and 109 could be (at least partially) combined. That is, the liquid could be removed
from the centrifuge container 100 at the same time that the pellet is removed. In order to achieve this, the method may
comprise controlling a rate of flow from the centrifuge container 100 via one or both fluid flow lines - a supernatant flow line
and a pellet flow line. The supernatant flow linemay be via the first fluid port 22. The pellet flow linemay be via the flushing
port 26.
[0095] Figure 3 shows this flushing step for the centrifuge container 100 of Figures 1 to 3. The flushing fluid may be
flowed into the centrifuge container 100 via the flushing tube 27. The flushing tube 27 extending to the outer end 14 of this
centrifuge container 100 helps to direct the flushing fluid to the pellet. The pellet can then exit the centrifuge container 100
by any of the other fluid ports 22, 24. Figure 3 shows the pellet exiting via the first fluid port 22.
[0096] In certain examples, the centrifuge container 100 (either that of Figures 1 to 3, or any other suitable centrifuge
container 100)maybe removed form the centrifuge rotor. In someexamples, this could bedone insteadof flushing in order
to recover the pellet. A new centrifuge container 100 can then be attached to the centrifuge rotor and the process can be
repeated. In this sense, eachcentrifugecontainer100canbegenerally asingle-usecomponent for onecycleof clarifyinga
liquid.
[0097] As noted above, themethod of Figure 5 is generally the same as themethod of Figure 4 but it further includes the
recirculation steps 104 and 105. Any disclosure in relation to themethod of Figure 4 is equally applicable to this method of
Figure 5, and vice-versa.
[0098] Thismethod can be operated in both a closed loopmode or a batchmode. Thismay depend on the volume to be
processed. If theprocessedvolumeequals thechambervolume,batchmode ispossible. If theprocessedvolumeexceeds
chamber volume, continuous flow or separated batches are possible. The chamber volume is the sum of the internal
volumes of all centrifuge containers 100.
[0099] Figures 6 to 6G show operation of a system 1000 comprising a centrifuge container 100 in an open loop, along
with an option to recover the pellet. After a first run has been performed, a second run could be performed (in a batch
mode). Thiswould particularly be useful if the amount of suspendedparticles 2 andhence pellet is too great for the volume
of the system 1000 (specifically the volume of the centrifuge rotor and container(s) 100).
[0100] Figures 7 to 7G show operation of a system 1000 comprising a centrifuge container 100 in a closed loop mode,
which can allow for continuous operation of the system1000 regardless of the volume of the system1000 (specifically the
volume of the centrifuge rotor and container(s) 100).
[0101] Thecentrifugecontainer100maygenerally beasdiscussedherein, includinganyof themodificationsdiscussed.
These Figures show a single centrifuge container 100, but it is appreciated that there may be a plurality of connected
centrifuge containers 100. The Figures also do not show the rotor or centrifuge since they are schematic.
[0102] The systems 1000 include slight constructional differences, but it is appreciated that in general either mode of
operation may be performed on each system 1000. If an additional valve or line needs to be added then this may be
included. For the avoidance of doubt, any disclosure in relation to the system 1000 of Figures 6 to 6G is equally applicable
to the system of Figures 7 to 7F, or vice-versa.
[0103] A largenumberof valvesare shown in the systems1000. In general,when the valve symbolsare filledwith a solid
black colour they are in a closed position inwhich flow through the valve is prevented or inhibited.When the valve symbols
are filled with white they are in an open position in which flow through the valve is permitted. It is noted that the exact
provision of valvesmaybe varied and theFigures showanexample of suitable valvingwhile others are equally applicable.
Whatwill be understood is that the relevant disclosure is of the various flowpathsbetweencomponents and that these flow
paths can be executed using any arrangement of fluid lines and valves.
[0104] The system 1000 includes a rinse reservoir 70. Either side of the rinse reservoir 70 may be a rinse inlet valve 74
and a rinse outlet valve 76. The rinse inlet valve 74 selectively controls a flow of fluid into the rinse reservoir 70. The rinse
outlet valve 76 selectively controls a flow of fluid out of the rinse reservoir 70. In use, this rinse reservoir 70 has a supply of
fluid, such as a buffer fluid. This fluid may form the supernatant fluid.
[0105] The system 1000 may further include a bioreactor 60. Either side of the bioreactor 60 may be a bioreactor inlet
valve 64 and a bioreactor outlet valve 66. The bioreactor inlet valve 64 selectively controls a flowof fluid into the bioreactor
60.Thebioreactor outlet valve66selectively controlsaflowof fluidoutof thebioreactor60. Inuse, thebioreactor 60maybe
operated to produce the suspended particles 2. In alterative arrangements, the suspended particles 2 may be produced
separately and provided into the system 1000.
[0106] The system 1000 further includes a pellet container 80, for recovering of the flushed pellet. A pellet valve 84
selectively controls flow into the pellet container 80. There may also be a pellet sensor 82 which provides information
regarding an amount of material in the pellet container 80. For example, the pellet sensor 82may include one ormore of a
fluid level sensor, a weight sensor, or any other suitable sensor.
[0107] Thesystem1000 further includes a supernatant container 90, for recovering of supernatant. A supernatant valve
94 selectively controls flow into the supernatant container 90. Theremay also be a supernatant sensor 92 which provides
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information regarding anamount ofmaterial in the supernatant container 90. For example, the supernatant sensor 92may
include one or more of a fluid level sensor, a weight sensor, or any other suitable sensor.
[0108] Thesystem1000may further compriseanair inlet 59 for inlettingair into thesystem1000.Forexample, this could
include a pump. An air inlet valve 58 connects this air inlet 59 to the rest of the system 1000 and selectively permits or
inhibits flow from the air inlet 59 to the rest of the system 1000.
[0109] The system 1000 can also comprise a number of sensors. In examples one or more of these sensors can be
omitted. The system of Figure 6 includes an air/liquid sensor 51, a pressure sensor 52, a flow sensor 56, and a turbidity
sensor 57. Any suitable combination of one or more of these sensors may be considered.
[0110] The system 1000 comprises a pump 50which is suitable for driving the liquid with suspended particles 2 through
the system 1000. In certain examples, the air/liquid sensor 51 and the pressure sensor 52 may be provided either side of
the pump 50. The pump 50 may be a reversible pump.
[0111] The system 1000 may also comprise a bypass valve 54 which connects the pump 50 to the pellet container 80
and/or the supernatant container 90. Thesystem1000may further comprisea loop valve55,which canbeopened inorder
to operate the system 1000 in a closed loop. That is, output from the centrifuge container 100 may be returned thereto.
[0112] A first valve 41, second valve 42, and third valve 44 are used to selectively direct fluid flow into the various fluid
ports 22, 24, 26 of the centrifuge container. Collectively, this may be referred to as valving and the exact arrangement of
valves can be modified accordingly. A flushing port valve 126 may be provided to selectively inhibit or allow flow to the
flushing port 26. In certain examples theremaybe a first port valve to selectively inhibit or allow flow to the first fluid port 22.
Theremay, additionally or alternatively, be a secondport valve to selectively inhibit or allow flow to the second fluid port 24.
[0113] Operationof the system1000of Figure 6 to clarify a liquid containing suspendedparticles 2will nowbedescribed
with respect to Figures 6A to 6G. While the precise valve combinations will be noted with respect to the Figures, it is fully
appreciated that alternative valving arrangements could still deliver the same fluid flows so as to perform this operation.
Equally, the operationmay bemodified to not include any components which are not expressly set out as required. Unless
specified otherwise, each valve is in a closed position in which fluid flow therethrough is prevented/inhibited.
[0114] Figure6Ashowsastep inwhichstatic fillingof the centrifugecontainer 100 isperformed. In certainexamples, this
stepmaybeomitted.The rinse inlet valve74and rinseoutlet valve76areopen.Thepump50 isoperating inafirst direction.
The first valve 41 is open. The second valve 43 is closed. The third valve 44 is open. Fluid from the riser reservoir 70 is
pumpedby thepump50 into the centrifuge container 100. InFigure 6A this is via the first fluid port 22, but it could equally be
via the flushing port 26 or the second fluid port 24. This will then fill up the centrifuge container 100. Once the centrifuge
container100 issuitably filled then thefluidwill leavevia thesecondfluidport 24, andbe returnedback to the rinse reservoir
70. This step can be continued until the flow sensor 56 indicates a flow of fluid from the centrifuge container 100. This can
indicate that the centrifuge container 100 has been suitably filled. In this operation, the pump 50 may be operated at a
constant speed and/or a constant pumping volume. In this step, the centrifuge is not operating and so the centrifuge
container 100 is not being rotated.
[0115] The centrifuge may then begin to operate to rotate the centrifuge container 100, as shown in Figure 6B. This
rotationmaybeat afirst rotational speedasdescribedherein.Forexample, thefirst rotational speedmaybe in the regionof
200 to 400 rotations perminute (rpm), such as 300 rpm. The pump50 continues to pumpfluid from the rinse reservoir 70 to
the centrifuge container. This step can be continued until the flow sensors 56 indicates a flow of fluid from the centrifuge
container 100. The overall flow paths are generally the same as in Figure 6A, but with the centrifuge container 100 being
rotated.
[0116] Figure 6C then shows the suspended particles 2 being introduced to the centrifuge container 100. In this
example, the suspended particles 2 flow from the bioreactor 60 but as discussed herein they can be provided from any
other suitable source. Figure 6Cshows thebioreactor inlet valve64andbioreactor outlet valve66beingopened. The rinse
inlet valve 74 and rinse outlet valve 76 are closed. The centrifuge container 100 continues to be rotated by the rotor, for
example at a first rotational speed. This may be the same speed, or a different speed, to the speed of Figure 6B.
[0117] The liquid containing suspended particles 2 is thus flowed into the centrifuge container 100. The rotation of the
centrifuge container 100 acts to concentrate the suspended particles at an outer end 14 of the centrifuge container 100. In
certain examples, the pump 50may be controlled passed on a reading from the flow sensor 56 to set a desired flow rate of
liquid containing suspended particles 2. This step can be repeated until the turbidity sensor 57 indicates that the turbidity
has dropped below a lower threshold. This indicates that the suspended particles 2 are being separated from the liquid.
[0118] Figure6Dshows thenext step in themethod.Thebioreactor inlet valve64 is closed, and the supernatant valve94
is opened. This is to recover the supernatant in the supernatant container 90. This can be performed until a maximum
capacity of the system 1000 has been reached (for example based on how much volume all of the centrifuge containers
100 in the systemcanhold), or until thebioreactor 60 is empty. This then leaves thepellet in the centrifugecontainer 100 for
recovery.
[0119] In certain examples itmaybebeneficial to suckout any leftover supernatant from thecentrifuge container.Sucha
step is shown inFigure 6E.Thebioreactor outlet valve 66 is closedand thebypass valve 54 is opened. The third valve 44 is
closed and the air inlet valve 58 is opened. The pump 50 is then operated in an opposite direction which draws fluid out of
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the centrifuge container 100, such as through the first fluid port 22. This creates a negative pressure in the centrifuge
container 100 such that air is drawn in through the air inlet 59 and second fluid port 24. In certain examples, the air may be
pumped into thecentrifugecontainer 100.Thesupernatant is thereforedrawnout from thecentrifugecontainer, via thefirst
fluid port 22 and then through the bypass valve 54 to the supernatant container 90.
[0120] The air/liquid sensor 51 is provided such that it senses this bypass flow. Once the air/liquid sensor 51 detects air
this means that the centrifuge container has been substantially drained of supernatant and this step can then be finished.
[0121] Recovery of the pellet of suspended particles 2 can then be performed. The rinse outlet valve 76 is opened. The
bypass valve 54 is closed. The second valve 43 is opened. The air inlet valve 58 is closed. The flushing port valve 126 is
opened. The supernatant valve 94 is closed. The pellet valve 84 is opened. The pump 50 is reversed again such that it
delivers rinsing fluid via the flushing port 26 to flush the pellet from the centrifuge container 100. In this step the centrifuge
container 100 can be rotated at the second rotational speed as discussed herein.
[0122] The pelletised suspended particles 2 are then recovered via the first fluid port 22 to the pellet container 80. This
step can be continued until the turbidity sensor 57 indicates that the turbidity has fallen below a threshold, and/or is
reducing. This indicates that there are not suspended particles 2 being delivered to the pellet container 80 but instead just
rinsing fluid.
[0123] A further recovery step can additionally or alternatively be performed, as shown in Figure 6G. The air inlet valve
58 is opened. The rinse outlet valve 78 is closed. The flushing port valve 126 is closed. The first valve 41 is opened and the
second valve 43 is closed. The bypass valve 54 is opened. Again, a negative pressure is generated in the centrifuge
container 100whichdrawsair in via theair inlet 59.Any remaining rinsefluidandpellet of suspendedparticles2 is removed
via the first fluid port 22 and travels via the bypass valve 54 to the pellet container 80.
[0124] Again, the air/liquid sensor 51 is provided such that it senses this bypass flow. Once the air/liquid sensor 51
detects air thismeans that the centrifuge container has been substantially drained of rinse liquid and/or pellet and this step
can then be finished.
[0125] This therefore shows a first mode of operation of the system 1000.
[0126] A further system1000 is shown inFigures7 to7G.Unlessotherwiseexpressly statedotherwise this system1000
is thesameas thesystem1000ofFigures6 to6G.Anydisclosure in relation to thesystem1000ofFigures7 to7G isequally
applicable to the system 1000 of Figures 6 to 6G, and vice-versa.
[0127] While Figures 7 to 7G show the bioreactor inlet valve 64 it is noted that thismay not be present in all examples. In
some examples, theremay be no inlet line to the bioreactor 60 in the system 1000, and hence no bioreactor inlet valve 64.
In such cases the bioreactor 60 may be separately suppled with feed material.
[0128] The system 1000may further comprise a waste container 96. A waste valve 95 selectively controls flow into the
waste container 96. The flushing port valve 126 connects to between the second valve 43 and the third valve 44. A fourth
valve 45 is provided between the bypass valve 54 and this connection.
[0129] Avariable restriction 53amay be provided between the bypass valve 54/fourth valve 45 and a top fluid line of the
system 1000. In further examples, this variable restriction 53a may be omitted.
[0130] The top fluid line is in fluid communication with one ormore of: the pellet container 80; the supernatant container
90; the bioreactor 60, the rinse reservoir 70, and/or thewaste container 96. Specifically, it may be the inlet to each of these
components. The variable restriction 53a can be used to control a rate of flow of fluid. This variable restriction 53amay be
omitted in certain examples.
[0131] A fifth valve 46 may be provided between the second fluid inlet 22 and the various components provided on the
top fluid line of the system1000. A sixth valve 48 is provided between the pellet container 80 and supernatant container 90
on this top fluid line. In this example, theremay be no inlet to the bioreactor 60 and hence no bioreactor inlet valve 44. The
air/liquid sensor 51 may be omitted.
[0132] A connection mat be provided between the flushing port 26 and the top fluid line. This connection may be via a
variable restriction 53. The variable restriction 53 canbe used to control a rate of flowof fluid. The flushing fluid port 26may
also be connected to this top fluid line. Along this connection theremay be a flow sensor 56a and/or a turbidity sensor 57a.
[0133] Operationof the system1000of Figure 7 to clarify a liquid containing suspendedparticles 2will nowbedescribed
with respect to Figures 7A to 7G. While the precise valve combinations will be noted with respect to the Figures, it is fully
appreciated that alternative valving arrangements could still deliver the same fluid flows so as to perform this operation.
Equally, the operationmay bemodified to not include any components which are not expressly set out as required. Unless
specified otherwise, each valve is in a closed position in which fluid flow therethrough is prevented/inhibited.
[0134] Figure7Ashowsafillingstep for thecentrifugecontainer 100.Thecentrifugecontainermaybe rotatedduring this
step, for example at between 500 to 1500 rpm, such as at 1000 rpm. The rinse inlet valve 74 and rinse outlet valve 76 are
open. The first valve 41 and second valve 43 are open. The flushing valve 126 is open. The fifth valve 46 is open.
[0135] The pump 50 is operated in a first direction such that fluid from the rinse reservoir 70 is supplied to the centrifuge
container 100 via the flushing tube 27 (and/or via the first fluid port 22).
[0136] Figure7B thenshowsasecondfillingstep,which canbeperformed inaddition toor asanalternative to thestepof
Figure 7A. The flushing valve 126 and second valve 43 are close. The pump50 is continued to operate in the first direction

10

EP 4 574 265 A1

5

10

15

20

25

30

35

40

45

50

55



such that fluid from the rinse reservoir 70 is supplied to the centrifuge container 100 via the first port 22. The centrifuge
container 100 may again be rotated, for example at the same speed as in Figure 7A.
[0137] Step 7C then shows the suspended particles 2 being introduced to the centrifuge container 100. The bioreactor
valve 66 is opened and hence the pump 50 delivers the suspended particles 2 to the first port 22 and hence into the
centrifuge container 100. The second valve 44 is opened, as is the fourth valve 45. The fifth valve 46 is closed. The
supernatant valve 94 is opened. The pellet valve 84 is opened.
[0138] A rotational speed of the centrifuge container 100may be increased, for example to a first rotational speed or to a
second rotational speedasdiscussedherein. Thismaybe, for example, at amaximumspeedsuchas6000 rpmor greater.
For example, this may be at approximately 8000 rpm. This could also be definedwith respect to g-force applied during the
rotation. The small pellet (typically between1µmand4µm)alongwith a small density differencebetween the fluid and the
suspended particles 2 means that high g-forces may be required. For example, the g-forces may be 5000 or greater,
preferably 10,000 or greater, more preferably 20,000 or greater.
[0139] The (or each, depending on howmany are present) variable restrictions 53, 53a can then be adjusted to control
their respective flow rates in order to allow for separation of the pellet of suspended particles 2 from the supernatant.
Supernatant flows through the secondport 24, secondvalve44, fourth valve45and then the variable restriction53a (when
present) and subsequently into the supernatant container 90.
[0140] The pellet of suspended particles 2 flows through the flushing tube 27, the variable restriction 53 and into the
pellet container 80. The or each variable restriction 53a may be controlled based on readings from the or each turbidity
sensor 57, 57a. The turbidity sensor 57which senses the returned supernatant is compared to a lower threshold value and
when the sensed value is above this then operation of the system 1000 may be modified. The turbidity sensor 57a of the
pellet collectionmaybecompared toahigher threshold valueand if thesensedvalue isbelow this threshold thenoperation
of the system 1000 may be modified.
[0141] This step may be ended when there is no more flow in the supernatant return from the second port 24, such as
determined by the flow sensor 56.
[0142] Figure7Dshowshowrotationof thecentrifugecontainer100can then forceout the rest of thepellet of suspended
particles 2. The air inlet valve 58 is opened, as are the second valve 43 and third valve 44. As a result, air is delivered to the
centrifuge container 100 via the first fluid port 22 (and/or the second fluid port 24). The pellet is then removed via the
flushing tube 27 and its outlet 32.
[0143] In this step, the centrifuge container 100 may be rotated, such as at a second rotational speed as discussed
herein. This may be in an opposite direction to a rotational speed of earlier steps.
[0144] The system1000may be cleaned, such as shown in Figure 7E. This could be via fluid from the rinse reservoir 70,
by opening the rinse outlet valve 76, or a separate fluid supply. The first valve 41 is opened. The second valve 43 and third
valve 44 are closed. The air inlet valve 58 is closed. The waste valve 95 is opened. The pellet valve 84 is closed. The fifth
valve 46 is opened.
[0145] The pump 50 acts to pump the rinse fluid into the centrifuge container 100 by the first fluid port 22. The centrifuge
container 100 can be rotated in the centrifuge during this step. This may be in the same direction and/or speed as the first
rotational speed and/or the second rotational speed. The rinse fluid then passes through the second port 24 and the fifth
valve 46 to the waste container 96.
[0146] Figure 7F shows an additional, or alternative, cleaning step to Figure 7E. In this step, the rinse fluid is directed
through the flushing port 26 and flushing tube 27 (and/or through the second fluid port 22) to rinse the centrifuge container
100.Theflushingvalve126 isopened.Thefirst valve41 isopened.Thecentrifugecontainer100maybe rotatedduring this
step. Thismay be in the same direction and/or speed as the first rotational speed and/or the second rotational speed. The
rinse fluid then passes through the second port 24 and the fifth valve 46 to the waste container 96.
[0147] Finally, Figure 7Gshowsanemptying of the system1000. In this step, the air inlet valve 58 is opened. This allows
air to enter thecentrifugecontainer 100via the secondport 24. Thesecondvalve43andflushing valve126are closed.The
first valve41 is opened.Thebypass valve54 is opened. Thepump50 is operated in anopposite direction soas todrive any
fluid from the centrifuge container 100 to thewase container 96, suchas through the first valve 41and the bypass valve 54.
[0148] In this sense, continuous clarification of the liquid containing suspended particles 2 can be performed. The steps
can be repeated in order to clarify more liquid containing suspended particles 2.
[0149] It will be appreciated that embodiments of the disclosure may be implemented using a variety of different
information processing systems. In particular, although the Figures and the discussion thereof provide exemplary
computing systems andmethods, these are presentedmerely to provide a useful reference in discussing various aspects
of the disclosure. Embodimentsmay be carried out on any suitable data processing device, such as a personal computer,
laptop, tablet, personal digital assistant, mobile telephone, smart phone, set top box, television, server computer, etc.. Of
course, thedescriptionof thesystemsandmethodshasbeensimplified for purposesof discussion, and theyare just oneof
many different types of systems and methods that may be used. It will be appreciated that the boundaries between logic
blocks are merely illustrative and that alternative embodiments may merge logic blocks or elements, or may impose an
alternate decomposition of functionality upon various logic blocks or elements.
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[0150] It will be appreciated that the above-mentioned functionalitymay be implemented as one ormore corresponding
modules as hardware and/or software. For example, the above-mentioned functionality may be implemented as one or
more software components for execution by a processor of the system. Alternatively, the above-mentioned functionality
may be implemented as hardware, such as on one ormore field-programmable-gate-arrays (FPGAs), and/or one ormore
application-specific-integrated-circuits (ASICs), and/or one or more digital-signal-processors (DSPs), and/or other hard-
ware arrangements. Method steps implemented in flowcharts contained herein, or as described above, may each be
implemented by corresponding respective modules. Moreover, multiple method steps implemented in flowcharts con-
tained herein, or as described above, may be implemented together by a single module.
[0151] It will be appreciated that, insofar as embodiments of the disclosure are implemented by a computer program,
then a storage medium and a transmission medium carrying the computer program form aspects of the disclosure. The
computer program may have one or more program instructions, or program code, that, when executed by a computer,
causes an embodiment of the disclosure to be carried out. The term "program" as used herein, may be a sequence of
instructions designed for execution on a computer system, and may include a subroutine, a function, a procedure, a
module, an object method, an object implementation, an executable application, an applet, a servlet, source code, object
code, a shared library, a dynamic linked library, and/or other sequences of instructions designed for execution on a
computer system.Thestoragemediummaybeamagnetic disc (suchasaharddriveor a floppydisc), anoptical disc (such
asaCD-ROM,aDVD-ROMoraBlu-raydisc), or amemory (suchasaROM,aRAM,EEPROM,EPROM,Flashmemoryor
aportable/removablememorydevice), etc..The transmissionmediummaybeacommunicationssignal, adatabroadcast,
a communications link between two or more computers, etc..
[0152] Each feature disclosed in this specification, unless stated otherwise, may be replaced by alternative features
serving the same, equivalent, or similar purpose. Thus, unless stated otherwise, each feature disclosed is one example
only of a generic series of equivalent or similar features.
[0153] Asusedherein, including in the claims, unless the context indicates otherwise, singular formsof the terms herein
are to be construed as including the plural formand, where the context allows, vice versa. For instance, unless the context
indicates otherwise, a singular reference herein including in the claims, such as "a" or "an" (such as a component or an
element) means "one or more" (for instance, one or more components, or one or more elements). Throughout the
description and claims of this disclosure, the words "comprise", "including", "having" and "contain" and variations of the
words, for example "comprising" and "comprises" or similar, mean that the described feature includes the additional
features that follow, and are not intended to (and do not) exclude the presence of other components.
[0154] The use of any and all examples, or exemplary language ("for instance", "such as", "for example" and like
language) provided herein, is intended merely to better illustrate the disclosure and does not indicate a limitation on the
scope of the disclosure unless otherwise claimed. No language in the specification should be construed as indicating any
non-claimed element as essential to the practice of the disclosure.
[0155] Any steps described in this specification may be performed in any order or simultaneously unless stated or the
context requires otherwise. Moreover, where a step is described as being performed after a step, this does not preclude
intervening steps being performed.
[0156] All of the aspects and/or features disclosed in this specification may be combined in any combination, except
combinationswhereat least someof such featuresand/or stepsaremutuallyexclusive. Inparticular, thepreferred features
of the disclosure are applicable to all aspects and embodiments of the disclosure and may be used in any combination.
Likewise, features described in non-essential combinations may be used separately (not in combination).
[0157] A method of manufacturing and/or operating any of the devices disclosed herein is also provided. The method
may comprise steps of providing each of the features disclosed and/or configuring or using the respective feature for its
stated function.

CLAUSES:

[0158]

1. A method of clarifying a liquid containing suspended particles, comprising the steps of:

(a) flowing a liquid containing suspended particles into a centrifuge container arranged on a centrifuge rotor;
(b) rotating the rotor at a first rotational speed to concentrate the suspended particles at an outer end of the
centrifuge container as a concentrated pellet;
(c) rotating the rotor at a second rotational speed and removing the liquid from the centrifuge container; and
(d) flushing the concentrated pellet from the centrifuge container.

2. Themethodof clause 1,wherein the first rotational speedand the second rotational speedare in different directions
to one another.

12

EP 4 574 265 A1

5

10

15

20

25

30

35

40

45

50

55



3. Themethod of any preceding clause, wherein the second rotational speed is slower than the first rotational speed.

4. The method of any preceding clause, wherein the first rotational speed is a maximum operating speed for the
centrifuge rotor.

5. The method of any preceding clause, further comprising the step of:
recovering the flushed pellet.

6. Themethod of any preceding clause, wherein the liquid is flowed into the centrifuge container via a first fluid port in
step (a) and the liquid is removed from the centrifuge container via the first fluid port in step (c).

7. The method of clause 6, wherein the concentrated pellet is flushed from the centrifuge container via the first fluid
port.

8. The method of any preceding clause, further comprising between steps (b) and (c) the steps of:

(b-i) flowing the liquid from the centrifuge container; and
(b-ii) flowing the liquid back into the centrifuge container,

while rotating the rotor at a third rotational speed.

9.Themethodof clause8,whendependent onclause6,wherein the liquid is flowed from thecentrifugecontainer via a
secondfluidport in step (b-i) and the liquid is flowedback into the centrifugecontainer via the first fluidport in step (b-ii).

10. The method of clause 8 or 9, wherein the third rotational speed is the same as the first rotational speed.

11. The method of any of clauses 8 to 10, further comprising the steps of:

detecting an amount of suspended particles in the liquid flowing from the centrifuge container and/or the liquid
flowing into the centrifuge container;
repeating steps (b-i) and (b-ii) until the amount of suspended particles is below a threshold, and then proceeding
to step (c).

12. The method of any preceding clause, further comprising the step of:
flowing a gas into the centrifuge container during step (c) and/or (d)

13. Themethod of clause 12, when dependent on clause 9, wherein the gas is flowed into the centrifuge container via
the second fluid port.

14. The method of any preceding clause, further comprising the steps of:
estimating a settling time based on one or more of: physical properties of the suspended particles; dimensions of the
centrifuge container; physical properties of the liquid; and/or the first rotational speed,
wherein step (b) is performed for the estimated settling time before step (c).

15. The method of any preceding clause, further comprising the steps of:

removing the centrifuge container from the centrifuge rotor;
attaching a new centrifuge container to the centrifuge rotor; and
repeating steps (a) to (d).

16. A centrifuge container for clarifying a liquid containing suspended particles, the centrifuge container comprising:

a connection end for connection to a centrifuge rotor;
anouter end for concentrationof particles, theouter endspaced from theconnectionend inafirst directionalonga
longitudinal axis of the centrifuge container;
a first fluid port at the connection end for flowing a liquid containing suspended particles into the centrifuge
container;
a second fluid port at the connection end for flowing the liquid containing suspended particles from the centrifuge
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container; and
aflushing tubeextending from theconnectionend towards theouter end, theflushing tube fordeliveringaflushing
fluid to flush concentrated particles from the outer end.

17. The centrifuge container of clause 16, wherein the centrifuge container tapers in the first direction.

18. The centrifuge container of clause 17,wherein the taper angle is 30degrees or less, preferably 16degreesor less.

19. The centrifuge container of clause 17 or 18, wherein the taper angle is at least 3 degrees.

20.Thecentrifugecontainer of anyof clauses17 to19,wherein the taperangle is such that fluid flow from theouter end
to the connection end does not have flow separation.

21. The centrifuge container of any of clauses 16 to 20, wherein the centrifuge container comprises a cylindrical
section at the connection end, followed by a tapering section which tapers in the first direction.

22. The centrifuge container of clause 21, wherein the cylindrical section has a shorter length in the first direction than
the tapering section.

23. The centrifuge container of clause 22, wherein the tapering section is at least twice as long as the cylindrical
section in the first direction, preferably at least four times as long.

24. The centrifuge container of any of clauses 16 to 23, wherein the outer end of the centrifuge container is at least
partially shaped as a torus.

25. The centrifuge container of clause 24, wherein the outer end of the centrifuge container is a semi-torus.

26. The centrifuge container of clause 24 or 25, wherein the torus is a horn torus.

27. The centrifuge container of any of clauses 24 to 26, wherein a centre of the torus is aligned with an outlet of the
flushing tube.

28. The centrifuge container of clause 27 wherein the outlet of the flushing tube is adjacent to the centre of the torus,
preferably the outlet of the flushing tube is co-planar with the centre of the torus.

29. The centrifuge container of any of clauses 24 to 28, wherein the torus has a minor diameter of at least 0.5 times a
diameter of the flushing tube, preferably at least 1 times, more preferably at least 1.5 times.

30. The centrifuge container of any of clauses 24 to 29, wherein the torus has a major diameter of at least 1 times a
diameter of the flushing tube, preferably at least 1.5 times, more preferably at least 2 times.

31. The centrifuge container of anyof clauses16 to30,wherein the first fluid port, the secondfluid port and the flushing
tube are spaced from one another in a second direction, transverse to the first direction.

32. The centrifuge container of clause 31, wherein the flushing tube is between the first fluid port and the second fluid
port in the second direction.

33. The centrifuge container of clause 31 or 32, wherein the first fluid port comprises a declined section extending
towards an inner wall of the centrifuge container.

34. The centrifuge container of anyof clauses 16 to 33,wherein the flushing tube is alignedwith the longitudinal axis of
the centrifuge container.

35. The centrifuge container of any of clauses 16 to 34, wherein an inner surface and/or an outer surface of the
centrifuge container is rotationally symmetric about the longitudinal axis of the centrifuge container.

36. A centrifuge comprising:
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a centrifuge housing;
a centrifuge rotor rotationally mounted in the centrifuge housing to rotate about a centrifuge axis; and
a centrifuge container according to any of clauses 16 to 35 attached to the centrifuge rotor.

37. Thecentrifugeof clause36, further comprisingaplurality of centrifugecontainers according to anyof clauses16 to
35 attached to the centrifuge rotor, each centrifuge container rotationally spaced about the centrifuge axis from one
another.

38. A method of operating the centrifuge of clause 36 or 37, comprising the steps of:

flowing a liquid containing suspended particles into the centrifuge container;
rotating the rotor at a first rotational speed to concentrate the suspendedparticles at anouter endof the centrifuge
container as a concentrated pellet;
rotating the rotor at a second rotational speed and removing the liquid from the centrifuge container; and
flushing the concentrated pellet from the centrifuge container.

39. The method of any of clauses 1 to 15, wherein the centrifuge container is according to any of clauses 16 to 35.

Claims

1. A method of clarifying a liquid containing suspended particles, comprising the steps of:

(a) flowing a liquid containing suspended particles into a centrifuge container arranged on a centrifuge rotor;
(b) rotating the rotor at a first rotational speed to concentrate the suspended particles at an outer end of the
centrifuge container as a concentrated pellet;
(c) rotating the rotor at a second rotational speed and removing the liquid from the centrifuge container; and
(d) flushing the concentrated pellet from the centrifuge container.

2. Themethod of claim 1, wherein the first rotational speed and the second rotational speed are in different directions to
one another.

3. The method of any preceding claim, wherein the second rotational speed is slower than the first rotational speed.

4. Themethodof anypreceding claim,wherein the first rotational speed is amaximumoperating speed for the centrifuge
rotor.

5. The method of any preceding claim, further comprising the step of:
recovering the flushed pellet.

6. Themethod of any preceding claim,wherein the liquid is flowed into the centrifuge container via a first fluid port in step
(a) and the liquid is removed from the centrifuge container via the first fluid port in step (c),
preferably the concentrated pellet is flushed from the centrifuge container via the first fluid port.

7. The method of any preceding claim, further comprising between steps (b) and (c) the steps of:

(b-i) flowing the liquid from the centrifuge container; and
(b-ii) flowing the liquid back into the centrifuge container,

while rotating the rotor at a third rotational speed.

8. The method of claim 7, when dependent on claim 6, wherein the liquid is flowed from the centrifuge container via a
secondfluidport in step (b-i) and the liquid is flowedback into the centrifugecontainer via the first fluidport in step (b-ii).

9. The method of claim 7 or 8, wherein the third rotational speed is the same as the first rotational speed.

10. The method of any of claims 7 to 9, further comprising the steps of:
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detecting an amount of suspended particles in the liquid flowing from the centrifuge container and/or the liquid
flowing into the centrifuge container;
repeating steps (b-i) and (b-ii) until the amount of suspended particles is below a threshold, and then proceeding
to step (c).

11. The method of any preceding claim, further comprising the step of:
flowing a gas into the centrifuge container during step (c) and/or (d)

12. The method of claim 11, when dependent on claim 9, wherein the gas is flowed into the centrifuge container via the
second fluid port.

13. The method of any preceding claim, further comprising the steps of:
estimating a settling time based on one or more of: physical properties of the suspended particles; dimensions of the
centrifuge container; physical properties of the liquid; and/or the first rotational speed,
wherein step (b) is performed for the estimated settling time before step (c).

14. The method of any preceding claim, further comprising the steps of:

removing the centrifuge container from the centrifuge rotor;
attaching a new centrifuge container to the centrifuge rotor; and
repeating steps (a) to (d).

15. The method of any of claims 1 to 14, wherein the centrifuge container comprises:

a connection end for connection to a centrifuge rotor;
anouter end for concentrationof particles, theouter endspaced from theconnectionend inafirst directionalonga
longitudinal axis of the centrifuge container;
a first fluid port at the connection end for flowing a liquid containing suspended particles into the centrifuge
container;
a second fluid port at the connection end for flowing the liquid containing suspended particles from the centrifuge
container; and
aflushing tubeextending from theconnectionend towards theouter end, theflushing tube fordeliveringaflushing
fluid to flush concentrated particles from the outer end.
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