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TITLE OF THE INVENTION:

SOLIDS DISCHARGE CENTRIFUGAL SEPARATOR
WITH DISPOSABLE CONTACT ELEMENTS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the priority of U.S. Provisional
Application No. 61/141,040, filed December 29, 2008 entitled,
SOLIDS DISCHARGE CENTRIFUGAL SEPARATOR WITH DISPOSABLE CONTACT

ELEMENTS, the whole of which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Many different types of centrifugal separators are known for
separating heterogeneous mixtures 1into components Dbased on
specific gravity. Typically, a heterogeneous mixture, which may
also be referred to as feed material or liquid, is injected into a
rotating bowl of a centrifugal separator. The rotating bowl spins
at high speeds and forces components of the mixture that have a
high specific gravity to separate therefrom by sedimentation. As
a result, dense solids compress as a cake tightly against an inner
surface or wall of the bowl and clarified liguid, or centrate,
forms radially inward from the cake. The bowl may spin at speeds
sufficient to produce forces 20,000 times greater than gravity so
as Lo separate the solids from the centrate. As solids accumulate
along the wall of the bowl, the centrate exits from the bowl and
leaves the separator. Once a desired amount of solids has

accumulated, the separator is placed in a discharge mode in which
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the solids are removed from the separator. Often, for example, an

internal scraper is engaged to scrape the solids from the walls of

the bowl.
Conventional separators have many shortcomings when
discharging particular kinds of solids and liquids. For example,

some separators may not be capable of completely discharging
solids that are sticky, which can result in poor yields. A poor
yield can be especially problematic for high-value solids such as
those encountered in pharmaceutical processes. Traditional
separators also subject a feed material to very high shear forces
when accelerating the material to the rotational speed of the
bowl, which can damage, for example, sensitive chemical or
biological substances such as intact cells. Other separators do
not provide a convenient means by which to handle and recover
sensitive solids. For example, an operator 1is commonly required
to assist with solids discharge and recovery, introducing the
potential for contamination. Furthermore, conventional separators
tend to be difficult to clean or sterilize in place, requiring
operations that significantly increase maintenance costs and
creating the potential for cross contamination between different
preparations.

The biotechnology and pharmaceutical industries have come to
rely increasingly on disposable process components for production.
Disposable, ©pre-sterilized sample contacting materials offer
numerous advantages, including savings in time, labor, and cost
for both initial set-up and turn-around between runs. They also
dramatically reduce the risk of contamination and simplify process
validation. Conventional production scale centrifugal separators
suitable for processing cells and other biomaterials require
particular care to clean and sterilize in place. Nevertheless, to
our knowledge no availlable separator offers the advantages of

fully pre-sterilizable and disposable sample contacting elements.
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SUMMARY OF THE INVENTION

In accordance with the present invention, a centrifugal
separator is disclosed that efficiently recovers sticky solids and
exhibits low-shear filling and acceleration of feed material,
while accommodating disposable process contacting elements to
eliminate the need for clean-in—-place and sterilize-in-place
operations. Disposable elements of the separator are made of
materials that are inexpensive enough to be considered by the user
as suitable for single use, and therefore are generally made of
plastic rather than metal, although the presence of some metal,
rubber, or other materials 1in disposable elements 1s possible.
Disposable elements also can be supplied and packaged as pre-
sterilized units, and their use can avoid the need for cleaning
and sterilizing steps during operation. The separator also can be
operated in a hermetically sealed configuration. The separator
can be particularly useful for sensitive solids such as chemical
or biological substances. A separator of the invention can
recover sensitive solids, liquids, materials or combinations
thereof without operator intervention or additional mechanical
egquipment.

The centrifugal separator includes a separator bowl, a
separator housing, and a variable speed drive motor. The housing
has upper, middle, and lower portions. The middle portion
encloses the separator bowl; 1in some embodiments this portion of
the housing is temperature controlled, e.g., through a jacket for
cooling ligquid flow. The bowl has upper and lower portions. In
one embodiment, the upper portion is cylindrical, and the lower
portion is conical. The bowl includes an inlet port at the bottom
of the bowl and an outlet port at the top of the bowl, or at the
top of a spindle shaft extending upward from the bowl. The upper
portion of the housing contains an upper bearing assembly that

engages the upper portion of the bowl, or a spindle shaft
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extending upward from the bowl. The lower portion of the housing
includes a lower bearing assembly, that engages with the lower
portion of the bowl. Some embodiments also include an upper valve
and seal assembly that attaches to the outlet port at the top of
the bowl or spindle shaft. Some embodiments also include a lower
valve and seal assembly that attaches to the inlet port at the
bottom of the bowl. In certain embodiments, the separator can
also be fitted with a piston position sensing optical system for
precise and automated regulation of solids discharge cycles.

The lower valve and seal assembly contains a feed port, a
solids discharge port, and a valve for switching flow from either
the feed port or the solids discharge port to the inlet port in
the bottom portion of the bowl. In one embodiment, the valve is a
three-way ball wvalve. The lower valve and seal assembly also
contains one or more seals for hermetically sealing the separator
housing at the lower bearing assembly against the lower portion of
the bowl, or an extension from the lower portion of the bowl.

The upper valve and seal assembly contains a centrate port
and an optical port, as well as a valve for switching access to
the outlet port between a centrate port and an optical port for
use with a laser piston position sensing system. In one
embodiment, the valve is a three-way ball valve. The upper valve
and seal assembly also contains one or more seals for hermetically
sealing the separator housing at the upper bearing assembly
against the upper portion of the bowl or a spindle shaft extending
from the upper portion of the bowl.

Another aspect of the present dinvention 1is a cylindrical
separator bowl having an upper portion that can be, for example,
cylindrical in form and a lower portion that can be, for example,
conical in form. The lower portion of the bowl has an inlet port,
for example, at the bottom of the bowl, through which feed
material or liguid is injected during a feed mode of operation.

As the bowl rotates at a high speed, the injected feed liquid

—4—
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encounters a sloped surface of the conical lower end of the bowl.
Rotational acceleration forces are imparted gradually as the
liquid moves radially outward. Solids then separate from the feed
liquid and accumulate along the inner surface of the bowl, for
example, as a cake. An 1integral spindle shaft extends from the
top of the bowl, above the cylindrical upper portion of the bowl;
the spindle shaft can engage a drive mechanism for the separator
bowl, such as a drive belt attached to a motor. An outlet port at
the top of the spindle shaft allows fluid, e.g., centrate, to exit
the bowl. In some embodiments, the separator bowl is devoid of
further inlet or outlet ports between the inlet port at the bottom
of the bowl and the outlet port at the top of the bowl, or at the
top of the spindle shaft, so as to minimize shear forces
experienced by a sample within the bowl.

The bowl further includes a piston disposed within the bowl
in tight-fitting relationship with an inner surface of the bowl.
The piston features an upper portion that can be, for example,
cylindrical in form, and a lower portion that can be, for example,
conical in form. The piston 1s contacted by a fluid exerting
pneumatic or  hydraulic pressure against the piston during
different modes of separator operation. For example, in a solids
discharge mode, fluid such as compressed gas or hydraulic liquid
acts against the upper portion of the piston urging it axially
downward to force accumulated solids from the bowl via the opening
in the conical lower end thereof. Exemplary types of compressed
gas for moving the piston include nitrogen and argon. Similarly,
an exemplary hydraulic ligquid for moving the piston in the bowl
can include distilled water. In one embodiment, the lower end of
the bowl and the lower portion of the piston have complementary
shapes to promote relatively complete discharge of solids. For
example, the lower portion of the bowl and lower portion of the

piston can feature substantially conical or frustoconical shapes.
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Certain embodiments of the separator bowl are also equipped
with a disposable bowl liner. The use of a disposable bowl liner
can eliminate the need for clean—-in-place and sterilize-in-place
operations. Consequently, the disposabkle bowl 1liner of the
present invention has several advantages over previous designs,
including reduced setup and turnaround times, reduced or
eliminated batch-to-batch contamination, easier validation, and
lower labor costs. In embodiments employing a disposable bowl
liner, the 1lower portion of the separator bowl usually can be
removed from the upper portion of the bowl to enable replacement
of the disposable bowl liner. The disposable bowl liner typically
will contain a disposable piston, such as described above, within
the bowl liner cavity. When a bowl liner is used in a separator
bowl, the piston moves within the bowl liner and is used to
displace accumulated solids from the inner surface of the bowl
liner, rather than from the bowl itself. When a bowl liner is
used, tThe separator bowl serves as a structural element to support
the bowl liner. In some embodiments the separator bowl can also
be equipped with a disposable lower valve and seal assembly and/or
a disposable upper valve and seal assembly. These assemblies can
mediate the switching of fluid pathways for filling and draining
the bowl, and also can provide hermetic seals that prevent bowl
contents leaving the bowl interior, and prevent environmental
contaminants or microbes from entering the bowl, thereby ensuring
the sterility and purity of bowl contents and protecting the
external environment from contamination by bowl contents.

Another aspect of the present invention is a piston assembly
for a solids discharge centrifugal separator. The piston includes
an upper portion and a lower portion. The lower portion conforms
to the inner surface of the lower portion of a separator bowl,
such as the bowl described above. In some embodiments, the upper
portion of the piston also substantially conforms to the upper

portion of a separator bowl. In one embodiment, the upper portion
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of the piston is cylindrical and the lower portion of the piston
is conical. The piston contains a fluid pathway for transport of
a fluid, such as feed liquid, centrate liquid, or a drive fluid
through the piston. Disposed within the piston, and situated
within the fluid pathway, is a shuttle valve that regulates fluid
flow through the pathway in response to the pressure across the
valve. The fluid pathway contains a first pathway opening at the
top of the piston and ending at the upper side of the shuttle
valve. The fluid pathway also contains a second pathway opening
in the lower portion of the piston and ending at the lower side of
the shuttle valve. The shuttle valve seals the first pathway when
pressure in the second pathway i1s greater than the pressure in the
first pathway, and seals the second pathway when pressure in the
first pathway 1s greater than in the second pathway.

Yet another aspect of the present invention 1s a piston
position sensing system for a centrifugal separator. The system
includes a separator bowl, a piston movably disposed against an
inner surface of the bowl, a laser, and a signal processor. The
separator bowl contains an axially positioned optical port or
window at its top end and an outlet port at its bottom end. The
piston contains a mirror positioned on an upper surface of the
piston so as to reflect light from the laser back upwards to the
signal processor. The position of the piston within the bowl can
be determined by the signal processor using a known method such as
triangulation, time-of-flight measurement, or interferometry. In
one embodiment, the piston contains a fluid pathway through the
piston and a shuttle valve disposed within the fluid pathway. In
this embodiment, the mirror is mounted on the shuttle wvalve, or
alternatively the shuttle valve has a mirrored surface. In this
embodiment, the fluid pathway serves as an optical pathway leading
to the mirror on the shuttle wvalve, which provide piston

positional information to the signal processor.
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The invention also provides a method for operating a
centrifugal separator as described above. In one embodiment, the
method includes: (a) flowing feed liquid into the separator bowl
through the inlet port; (b) rotating the separator bowl, whereby
solid components of the feed 1liquid accumulate on an inner
surface of the bowl; (c) continuing to rotate the separator bowl
while flowing feed ligquid into the inlet port, whereby clarified
centrate liquid flows out through the outlet port; (d) stopping
bowl rotation and draining residual liquid from the bowl through
the inlet port; and (e) flowing a fluid back through the outlet
port, whereby the piston is displaced downward within the bowl
and accumulated solids are discharged through the inlet port.
In certain embodiments the method further includes: (f) flowing
a fluid into the inlet port, whereby the piston 1is displaced
upward in the bowl, so that further separation cycles can be
performed.

Another aspect of the invention is a method for operating a
centrifugal separator having a shuttle valve within the piston,
and having upper and lower valve assemblies as described above.
The method includes: (a) flowing feed liquid into the separator
bowl through the feed ligquid port of the lower valve assembly;
(b) rotating the separator bowl, whereby solid components of the
feed 1liguid accumulate on an inner surface of the bowl; (c)
continuing to rotate the separator bowl while flowing feed
liquid into the feed liquid port at a flow rate sufficient to
maintain the shuttle wvalve 1in an open configuration, whereby
clarified centrate liquid flows out through the centrate valve;
(d) stopping bowl rotation and draining residual liguid from the
bowl through the feed 1liquid port, whereby the shuttle wvalve
assumes a closed configuration; (e) purging ligquid from the
liquid pathway through the piston, the spindle shaft, the upper
valve assembly, and the centrate port by flowing a fluid into

the bowl through the feed liquid port at a flow rate sufficient
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to maintain the shuttle wvalve 1in an open configuration; (f)
switching the lower valve assembly to open a pathway from the
inlet port to the solids discharge port and flowing a fluid back
through the centrate port at a rate sufficient to drive the
shuttle valve into a closed configuration, whereby the piston is
displaced downward within the bowl, and accumulated solids are
discharged through the solids discharge port. In certain
embodiments the method further includes: (g) switching the lower
valve assembly to open a pathway from the feed liquid port to
the solids discharge port and flowing a fluid into the feed
liquid port, whereby residual solids are purged through the
solids discharge ©port; and (h) switching the lower valve
assembly to open a pathway from the feed liquid port to the
inlet port and flowing a fluid into the feed 1liquid port,
whereby the shuttle valve assumes a closed configuration and the
piston is displaced upward in the bowl. In this embodiment, the
piston 1is reset and the separator 1is able to perform another
separation cycle.

Another aspect of the invention 1is a bowl liner assembly
for a solids discharge centrifugal separator. The assembly
includes a bowl 1liner, a hollow central core, a first piston
assembly, and a second piston assembly. The bowl liner conforms
to the inner wall of the bowl of the separator. The separator
bowl includes an upper portion, a cylindrical middle portion,
and a conical lower portion. The upper portion of the bowl
includes a spindle shaft capable of engaging a drive motor. The
spindle shaft terminates at 1its upper end 1in an outlet port,
and the lower portion of the bowl includes a cylindrical
extension terminating at its lower end 1n an inlet/solids
discharge port. The bowl liner extends continuously from the
inlet port to the outlet port, and forms the entire sample
contacting surface along the walls of the bowl. The hollow

central core is disposed about the central axis of the bowl and

,9,



10

15

20

25

30

WO 2010/076657 PCT/IB2009/007990

extends from the liner at the spindle shaft to the liner at its
lower extension. The first piston is movably disposed within
the liner and conforms to the inner surface of the liner. The
first piston also surrounds the central core. The second piston
is movably disposed within the central core and conforms to the
inner surface of the central core. The second piston is capable
of extension through the cylindrical extension to discharge the
last remaining solids from the bowl, after the first piston has
extruded the bulk of the solids from the bowl. The bowl liner
and other components of the assembly each optionally may be made
of plastic, and the bowl liner assembly is preferably configured
as a single disposable unit, which can be provided in pre-
sterilized condition. In certain embodiments, the central core
is fitted with channels for a driving fluid or gas that drives
one or both of the first and second pistons. In a preferred
embodiment, the liner assembly is configured for use with a
separator Dbowl that possesses a removable lower end, thereby
permitting the bowl to be opened for replacement of the bowl
assembly.

Yet another aspect of the invention 1is a dual piston
separator bowl assembly for a solids discharge centrifugal
separator. The assembly includes a separator bowl, a hollow
central core, a first piston, and a second piston. The
separator bowl includes an upper portion, a cylindrical middle
portion, and a conical lower portion. The upper portion of the
bowl includes a spindle shaft capable of engaging a drive motor.
The spindle shaft terminates at its upper end in an outlet port,
and the lower portion of the bowl includes a cylindrical
extension terminating at its lower end 1n an inlet/solids
discharge port. The hollow central core is disposed about the
central axis of the bowl and extends from the spindle shaft to
the lower extension of the bowl. The first piston 1is movably

disposed within the bowl and conforms to the inner surface of
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the bowl. The first piston also surrounds the central core.
The second piston is movably disposed within the central core
and conforms to the inner surface of the central core. The
second piston is capable of extension through the cylindrical
extension to discharge the last remaining solids from the bowl,
after the first piston has extruded the bulk of the solids from
the bowl. In certain embodiments, the bowl assembly includes a
bowl liner, or 1s configured for use with a replaceable bowl
liner. In some embodiments, the lower end of the bowl is
removable to allow components within the bowl to be exchanged.
Still another aspect of the invention is a centrate valve
assembly for a solids discharge centrifugal separator. The
assembly includes a centrate valve and a solids discharge piston
actuator. The centrate wvalve has an open position and a closed
position. In the open position, the wvalve 1s capable of
directing flow of centrate from the separator to a centrate port
for collection. In the <closed position, the centrate valve
stops flow of centrate from the separator. The solids discharge
piston actuator is capable of moving a piston within a separator
bowl of the separator so as to discharge solids from the bowl.
The centrate wvalve and piston actuator are combined 1into a
single assembly, which is preferably configured as a disposable
unit and can be provided in a pre-sterilized condition. In
certain embodiments, the centrate valve assembly also includes a
seal assembly that hermetically seals the outlet port to the
separator. In certain embodiments, the valve assembly has one
or more ports for cooling liquid and channels to allow flow of
cooling liquid through the assembly, such as to cool the seals.
In certain embodiments, the piston actuator includes a piston
position sensor. In certain embodiments, the assembly also
includes one or more ports to supply a driving fluid or gas for

driving the movement of a piston within the bowl.
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Another aspect of the invention is a feed/discharge valve
assembly for a solids discharge centrifugal separator. The
assembly includes a feed port, a solids port, and a three-way
valve. The feed port 1is capable of forming a connection to a
feed line for introducing feed material into the separator. The
solids port can form a connection to a solids collection vessel,
which is used to collect solids that have been separated from
the feed material by the action of the separator. The three-way
valve has a first open configuration and a second open
configuration. In the first open configuration, the wvalve
directs feed liquid from the feed port into the inlet port at
the lower end of the separation bowl of the separator. In the
second open configuration, the valve provides a pathway from the
inlet port to the solids port. The pathway conforms to a solids
discharge piston present within the separator bowl. The piston
is used to extrude residual solids from the bowl ocut through the
valve and the solids port. The feed/discharge valve assembly is
preferably configured as a disposable unit, which can be
provided in a pre-sterilized condition. In certain embodiments,
the feed/discharge valve assembly also includes a seal assembly
that hermetically seals the inlet port to the separator. In
certain embodiments, the valve assembly has one or more ports
for cooling liquid and channels to allow flow of cooling liquid
through the assembly, such as to cocl the seals. In certain
embodiments, the three-way valve rotates to switch between the
first and second open configurations. In some embodiments the
second open configuration pathway is at least 10 mm in diameter,
while in other embodiments, intended for use with thicker solid
pastes or larger separations involving a greater mass of solids,
the pathway is at least 30 mm in diameter.

Still another aspect of the invention 1s a piston position
sensing system for a solids discharge centrifugal separator.

The system includes a separator bowl, a piston within the bowl,
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a light source, and a signal processor. The separator bowl has
a peripherally positioned optical port integrated into the upper
portion of the bowl. The piston is movably disposed against an
inner surface of the bowl. The piston has a light reflective
surface on 1its upper portion, which 1is capable of reflecting
light from the light source back up through the optical port to
the signal processor. The light reflective surface 1is aligned
with the optical port to provide a continuous optical path
through the bowl to the piston. The light source 1is positioned
outside the bowl, and it illuminates the reflective surface on
the bowl through the optical port during at least a portion of
the rotation of the bowl. The signal processor receives light
reflected from the reflective surface back through the optical
port and provides an output value that indicates the position of
the piston within the bowl. In some embodiments, the system
includes a bowl liner having an optical window peripherally
positioned in the upper surface of the bowl liner. The window
can be a portion of the top of the bowl liner, or the entire top
of the bowl liner. If the window 1s only a portion, it 1is
aligned with an optical port at the top of the bowl.

Yet another aspect of the invention is a dual piston solids
discharge centrifugal separator. The separator contains a dual
pliston separator bowl assembly, which includes a separator bowl,
a hollow central core, a first piston, and a second piston. The
separator Dbowl has an upper portion, a cylindrical middle
portion, and a conical lower portion. The upper portion of the
bowl includes a spindle shaft capable of engaging a drive motor.
The spindle shaft terminates at its upper end in an outlet port,
and the lower portion of the bowl includes a cylindrical
extension terminating at its lower end 1in an inlet/solids
discharge port. The hollow central core is disposed about the
central axis of the bowl and extends from the spindle shaft to

the lower extension of the bowl. The first piston 1is movably
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disposed within the bowl and conforms to the inner surface of
the bowl. The first piston also surrounds the central core.
The second piston i1s movably disposed within the central core
and conforms to the inner surface of the central core. The
second piston is capable of extension through the cylindrical
extension to discharge the last remaining solids from the bowl,
after the first piston has extruded the bulk of the solids from
the bowl. In certain embodiments, the lower portion of the
separator bowl 1is removable, and can be attached with a lower
portion lock nut. In some embodiments, the separator also
includes a bowl liner, a centrate valve assembly, a
feed/discharge valve assembly, or a piston position sensing
system. The piston position sensing system can be configured to
measure the position of the first and/or second pistons within
the bowl during operation. Some embodiments of the separator
also may include a variable speed vector-type drive motor with
speed and angular position sensing. Certain embodiments of the
separator also include a piston air supply actuator, which can
be driven up or down by ports supplying a drive gas. In some
embodiments, the separator is hermetically sealed by seal/sleeve
assemblies at the upper and lower ends of the separator bowl, or
bowl liner. The seals can be provided with cooling ports and
drain ports for a cooling liquid flow to cool the seals and seal
assemblies. In certain embodiments, the separator includes
structures to maintain stability and dampen oscillation. Such
structures include an upper bearing assembly with a spherical or
partially spherical mounting, and upper and lower bearing
assemblies having anti-rotation pins. In some embodiments, the
separator bowl 1is surrounded by a housing containing a cooling
jacket. In some embodiments the housing can be separated into
upper and lower portions. In certain embodiments, the separator
includes one or more disposable elements such as a disposable

bowl 1liner, a disposable bowl liner/first piston assembly, a
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disposable separator bowl/bowl liner/first piston assembly, a
disposable centrate valve assembly, a disposable second piston
assembly, a disposable centrate valve/second piston assembly, or
a disposable feed/discharge valve assembly. In some
embodiments, all sample contacting surfaces of the separator are
disposable. In some embodiments, all sample contacting surfaces
of the separator are disposable and the separator is
hermetically sealed.

Another aspect of the invention 1is a method of operating

the solids discharge centrifugal separator described in the

previous paragraph. The method includes steps (a) through (g)
as follows. In step (a), a feed liquid is flowed into the
separator bowl through the inlet port. In step (b), the

separator bowl 1s rotated, whereby solid components of the feed
liquid accumulate on the inner surface of the bowl. In step
(c), the bowl continues to rotate while feed liquid flows into
the inlet port, and a clarified centrate liquid flows out
through the outlet port. In step (d), the rotation of the bowl
is halted and residual liquid is drained from the bowl through
the inlet port. In step (e), a pressurized fluid or drive gas
is driven into the bowl, whereby the first piston is displaced
downward within the bowl and accumulated solids are discharged
through the inlet port. In step (f) an actuator for the second
piston 1is driven downward, whereby the second piston moves
downward within the central core and causes the final residual
solids to be discharged through the inlet port. In certain
embodiments, the method also 1includes step (g), 1introducing a
pressurized fluid or gas through the inlet port into the bowl,
whereby the first piston is displaced upward in the bowl. In
some embodiments, the separator includes one or more disposable
components, and the method includes step (h), replacing one or
more of the disposable components prior to repeating step (a).

In some embodiments of the method, steps (a) through (g) or (a)
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through (h) are repeated for two or more cycles of operation
with a single type of feed liquid, or with switching over to a
different type of feed 1ligquid between cycles. In certain
embodiments, a piston position sensing system 1is used to track
the motion of the first and/or second pistons within the bowl
during any of steps (a) through (g).

Still another aspect of the invention 1s a kit for
operating or refurbishing a solids discharge centrifugal
separator. The kit contains one or more of the following
disposable components: a disposable bowl 1liner, a disposable
bowl liner/first ©piston assembly, a disposable separator

bowl/bowl liner/first piston assembly, a disposable centrate

valve assembly, a disposable second piston assembly, a
disposable centrate valve/second piston assembly, or a
disposable feed/discharge valve assembly. The kit may also

include instructions for using the disposable component(s) in
conjunction with a centrifugal separator

Other aspects, features, and advantages of the present
invention will be apparent from the Detailed Description of the

Invention that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood by reference to
the accompanying drawings of which:

Figure 1 is a section view of an embodiment of a centrifugal
separator in accordance with the invention;

Figure 2 1is a section wview of the separator in Fig. 1
operating in a feed mode;

Figure 3 1is a section view of the separator in Fig. 1
operating in a drain mode;

Figure 4 1is a section view of the separator in Fig. 1

operating in a centrate purge mode;
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Figure 5 1is a section view of the separator in Fig. 1
operating in a solids discharge mode;

Figure 6 1is a section view of the separator in Fig. 1
operating in a solids purge mode;

Figure 7 1is a section wview of the separator in Fig. 1
illustrating return of the piston to its uppermost position after
solids discharge; and

Figure 8 1is a section wview of the separator in Fig. 1
following operation, in a disassembled configuration for
replacement of disposable components.

Figure 9 is a section view of an embodiment of a centrifugal
separator 1in accordance with the invention; Fig. 92 shows the
separator 1in a large feed/discharge valve embodiment; Fig. 9B
shows a magnified view of the upper hermetic seal area; Fig. 9C
shows the lower ©portion of a small feed/discharge valve
embodiment;

Figure 10 1is a section view of the separator in Fig. 9
operating in a feed mode;

Figure 11 1is a section view of the separator in Fig. 9
operating in a drain mode;

Figure 12 1s a section view of the separator in Fig. 9
operating in a solids discharge mode;

Figure 13 1is a section view of the separator in Fig. 9
operating in a final solids discharge mode;

Figure 14 1is a section view of the separator in Fig. 9
illustrating return of the piston to its uppermost position after
solids discharge; and

Figure 15 1is a section view of the separator in Fig. 1
following operation, in a disassembled configuration for

replacement of disposable components.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows an embodiment of &a centrifugal separator
according to the invention in wvertical section, with & middle
section removed. Separator 100 includes separator bowl 150,
separator housing 110, and variable speed drive motor 300.

The housing has upper, middle, and lower portions. The
middle portion of the separator housing encloses separator bowl
150. In the embodiment shown 1in Fig. 1 this portion of the
housing is temperature controlled by fluid jacket 113 for flowing
a controlled temperature fluid, such as water, in through cooling
inlet port 114 in the lower portion of the housing and out through
cooling outlet port 116 near the top of the middle portion of the
housing. Depending on the application the fluid jacket of the
housing can be used either to cool or warm the centrifuge
interior, and therefore the sample during separation. In
separations of sensitive materials such as cell suspensions it 1is
typical to cool the centrifuge using cooling water, for example to
a temperature such as 4°C, in order to preserve the structure and
function of biological materials such as cells, proteins, or
nucleic acids.

The upper portion of the housing contains upper bearing
assembly 115 that engages spindle shaft 160 which extends upwardly
from the separator bowl. In this embodiment, the bearing
assembly 115 includes a semi-spherical upper portion, a short
cylindrical middle portion, and a lower semi-hemispherical
portion. Optionally, the semi-spherical portions can rest against
mating surfaces of one or more seats. An exemplary semi-spherical
portion that can be employed in a separator of the invention has
been described by U.S. Patent No. 6,986,734, which 1is hereby
incorporated by reference. The lower portion of the housing
includes feed cone and lower bearing assembly 120. The feed cone

serves as the lower portion of the bowl, and attaches to the upper
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portion of the bowl by means of feed cone lock nut 122, which
attaches to a thread at the bottom of the cylindrical bowl
portion. The lower bearing assembly is integral with lower bowl
extension 154 that extends downward from the feed cone. Bowl lock
handles 124 are used to secure the bowl during attachment or
removal of the feed cone and lower bearing assembly. The lower
portion of the housing can be opened by removing lower housing
clamp ring 112 for accessing the feed cone and bowl assembly.
Other features of the upper and lower housing portions are the
lower (117) and wupper (118) anti-rotation pins and rubber
oscillation restraint ring 119.

Separator bowl 150 has a cylindrical upper portion and a
conical lower portion. The lower portion of the bowl includes
inlet port 170 at the bottom of the bowl, through which feed
liquid is pumped during the feed mode of operation. Rotation of
the bowl causes the feed liquid to rise up the inner surface of
the conical 1lower end of the bowl and move radially outward.
Solids then separate from the feed liquid and accumulate along the
inner surface of the bowl, for example, as a cake. Spindle shaft
160 engages drive belt 310 through drive pulley 162. Qutlet port
180 at the top of the spindle shaft allows centrate to exit the
bowl. By positioning the inlet and outlet ports at the bottom and
top of the bowl, respectively, the bowl can be filled gently and
completely with feed 1liquid from bottom to top of the bowl,
leaving no air, s0 as to avoid or minimize the formation of
bubbles or foam that could harm sample components, e.g., through
surface tension effects and shear forces that result with other
designs.

Piston 200 is disposed within the bowl liner 220. The piston
features an upper portion that conforms to the upper portion of
the bowl liner and a lower portion that conforms to the lower
portion of the bowl liner. In the embodiment shown in Fig. 1 the

upper portion of the piston is cylindrical, and the lower portion
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is conical in form. The piston is capable of moving up and down
along the central axis of the bowl. During the feed mode of
operation the piston is raised to the top of the bowl, and during
the solids discharge mode of operation the piston is gradually
lowered in the bowl to displace the accumulated solids from the
inner wall of the bowl liner and out through the inlet port at the
bottom of the bowl. In the embodiment depicted in Fig. 1, the
lower end of the bowl liner and the lower portion of the piston
have closely complementary shapes, the lower surface of the piston
fitting snugly within the bottom inner surface of the bowl liner,
to achieve maximum discharge of solids in a single cycle of
operation.

The piston contains a fluid pathway for transport of fluid,
such as feed liquid, centrate liquid, or a drive fluid (an inert
liquid or gas) through the piston. Disposed within the piston,
and situated within the fluid pathway, is shuttle wvalve 250 that
regulates fluid flow through the pathway 1in response to the
pressure across the valve. Two alternative designs for the
shuttle valve are depicted. A close-up view of a cylindrical or
cog-shaped shuttle wvalve 250 1is shown to the left of the
separator, having a mirrored surface 260 at the top. An
alternative ball-shaped shuttle valve 250 is depicted to the right
of the separator; the ball has a mirrored surface. Seals can be
added as appropriate to the piston cavity and/or to the shuttle
valve to promote efficient sealing of the wvalve at its upper and
lower limits of travel. The fluid pathway has two parts: a first
pathway 212 opening at the top of the piston, extending along the
central axis of the piston and ending at the upper side of the
shuttle valve; and a second pathway 214 that communicates with the
lower side of the shuttle wvalve and extends a passage radially
outward, providing an opening in the lower, conical portion of the
piston approximately at the middle thereof. Note that the height

of the second pathway along the piston axis is selected such that

,2 O,
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the pathway openings in the piston lower portion are at an
appropriate diameter to avoid taking in accumulated solids from
the wall of the bowl liner, which might clog the fluid pathway.
When pressure is applied in the first pathway, such as during the
solids discharge cycle, the shuttle wvalve prevents flow from the
first pathway down through the second pathway; in the absence of
applied pressure in the first pathway, the shuttle valve remains
open and allows fluid flow through the piston fluid pathway.
Similarly, when pressure 1in the second pathway exceeds the
pressure in the first pathway by another threshold amount, such as
when raising the piston after solids discharge, the shuttle valve
prevents flow from the second pathway up through the first
pathway.

The separator bowl is equipped with a disposable bowl liner
220 that can be replaced after each operation or between
operations involving different samples. This can reduce or
eliminate the need for clean-in-place and sterilize-in-place
procedures, as a clean, sterilized disposable bowl liner can be
installed when desired. In embodiments such as the one shown in
Fig. 1, the piston 200 can be provided as a disposable, e.g.,
plastic, piston pre-sealed within the bowl liner as a single
replaceable assembly. Replacement is carried out by removing the
feed cone nut 122, detaching the feed cone and lower Dbearing
assembly 120, replacing the bowl liner with enclosed piston, and
then reattaching the feed cone and lower bearing assembly and
tightening the feed cone lock nut.

Upper valve and seal assembly 230 and lower valve and seal
assembly 232 are attached to the upper and lower ends of the bowl
assembly, at the outlet and inlet ports, respectively. These
assemblies mediate the switching of fluid pathways for filling and
draining the bowl. They also contain hermetic seals that prevent
materials from entering or leaving the bowl interior, thereby

ensuring the sterility and purity of bowl contents and protecting
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the external environment from contamination by bowl contents. Lip
seals (176, 186) embedded within the lower and upper valve and
seal assemblies, as shown in Fig. 1, provide an appropriate
sealing mechanism between the valve assembly body and both lower
bowl extension 154 and spindle shaft 160. As this type of sealing
mechanism is subject to frictional heating, coocling ports (178,
188) are provided within the lower and upper valve and seal
assemblies for the flow of cooling liquid, e.g., water. A seal
leakage drain port 189 is also provided to drain away any cooling
liguid leaks from the upper lip seal.

The lower valve and seal assembly contains a feed port 172
and a solids discharge port 174, switchable via a three-way ball
valve 175 to connect either port to inlet port 170. The upper
valve and seal assembly contains a centrate port 182 and an
optical port 184. A three-way ball valve 185 switches access from
these ports to outlet port 180.

The separator shown 1in Fig. 1 1s fitted with a piston
position sensing optical system for automation and increased
precision of solids discharge cycles. Laser 280 is mounted to the
upper portion of the separator housing such that laser beam 282
can be directed through optical window 164 at the top of upper
valve and seal assembly 230. The laser beam is projected through
optical port 184, through an open pathway in ball wvalve 185, and
down through spindle shaft 160, and down through first fluid path
212 in piston 200 to be reflected off the surface of mirror 260
mounted on shuttle wvalve 250. The beam returns back up the same
optical pathway and enters signal processing unit 290, where the
light 1s analyzed by a signal processor to produce an output
signal that is a measure of the position of the piston within the
bowl. The signal processing unit can also contain electronic
components such as one or more microprocessors, memory chips, a
display, and input devices such as buttons or a keyboard so that

operation cycle parameters and settings can be input by an

,22,
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operator or actual operation cycle parameter values can be read by
an operator or stored for later retrieval. Input and/or output
connections can also be supplied so that input and output of
operation parameters, calculations for signal processing, and data
storage can be performed by a device such as a computer connected
to the separator via the signal processing unit.

Figure 2 depicts the centrifuge of Fig. 1 in a feed mode of
operation. The lower and middle portions of the separator housing
are cooled by the flow of cooling liquid 113. Lower and upper lip
seals, as well as the 1lower bearing assembly, are cooled by
coolant flow 179. Rotation (152) of the separator bowl is caused
by the drive motor at a speed sufficient to achieve an appropriate
level of centrifugal force within the bowl as required for the
desired separation. The lower three-way ball valve 175 is set to
open a pathway from feed liquid port 172 to inlet port 170. The
upper three-way ball wvalve 185 1is set to open a pathway from
centrate port 183 to outlet port 180. Feed liquid 171 1is pumped
into the bowl from below. As feed liquid enters the bowl cavity,
solids are deposited onto the inner wall of the bowl liner, and
clarified centrate fluid accumulates around the bowl’s central
axis. The centrate liquid flows into the second fluid pathway 214
of the piston. The rate of flow is sufficient to cause shuttle
valve 250 to open, allowing the flow of centrate liquid 183 up
through the piston and out through centrate port 182. However,
the rate of flow is not so high as to cause the shuttle wvalve to
seal at its upper surface, which would block flow through first
fluid pathway 212. The feed mode can continue until sufficient
solids have accumulated inside the bowl to Jjustify or require
draining the bowl and running a solids discharge cycle.

Figure 3 depicts the centrifuge of Fig. 1 in a drain mode.
The drive motor and bowl 150 have braked to a stop. Residual feed
liquid 371 is drained or pumped back through the feed ligquid port,

and can be collected or recycled back to a feed liquid holding

,2 3,
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tank. Due to the lack of centrate liquid pressure from below,
shuttle wvalve 250 closes to prevent backflow of centrate through
the first fluid pathway of the piston and into the bowl chamber.
The collected solids 173 remain adhered to the bowl liner.

Figure 4 shows the centrifuge of Fig. 1 Jjust after draining
as shown in Fig. 3. In Fig. 4, the centrifuge is shown 1in a
centrate purge mode. An inert drive gas 190 (e.g., air, nitrogen,
or argon) flows through the feed liquid port 172, into the bowl,
and up through the piston. The flow rate of the gas is sufficient
to open the shuttle valve from the second fluid pathway, but not
sufficient to close the shuttle valve to the first fluid pathway.
Centrate liquid 183 remaining from the drain cycle is driven out
the centrate port 182 by the drive gas.

Figure 5 depicts the centrifugal separator of Fig. 1 in a
solids discharge mode. Lower three-way ball valve 175 has been
switched to provide a pathway from the inlet port to solids
discharge port 174. Upper three-way ball valve 185 has been
switched to provide a pathway from the outlet port to both
centrate port 182 and optical port 184, which contains a window
for Cransmitting laser beam 282 in both directions. Drive gas 190
is introduced through centrate port 182, causing the shuttle valve
250 to close at 1its lower surface, preventing flow of the gas
through the second fluid pathway in the piston. The pressure of
the drive gas causes the piston to move downward in the bowl,
displacing the accumulated solids from the inner face of the bowl
liner and out through the solids discharge valve for collection.
The motion of the piston is tracked by the laser beam, which is
reflected off the mirror on the shuttle valve back into a signal
processing unit attached to the separator housing. Because the
solids consistency may vary, the time required to complete solids
discharge may also vary. The use of an automated piston position
sensing system allows the piston position within the bowl to be

known, so that the cycle can be terminated by stopping the flow of
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drive gas at the appropriate time, e.g., when the piston has
reached the bottom of the bowl.

Figure 6 shows the separator of Fig. 1 with the piston at
full stroke, at the bottom of the bowl. Pressure from drive gas
190 is maintained at the centrate port 182, holding the piston in
its lowest position, while the lower three-way valve 175 1is
switched to provide a pathway from the feed liquid port 172 to the
solids discharge port 174, allowing solids (373) trapped in the
valve to be purged by drive gas applied at the feed liquid port.

In Figure 7 the separator of Fig. 1 is shown in a piston
retraction mode. Following a solids discharge cycle, the piston
is returned to its uppermost position prior to beginning another
feed cycle. Lower three-way wvalve 175 has been switched to
connect only the feed liquid port 172 to the inlet port. Drive
gas 190 is applied through feed liquid port 172 to urge the piston
upward. The gas pressure 1s sufficient to close the shuttle valve
against the first fluid pathway in the piston. The supply of
drive gas at centrate port 182 has been cut off, but the valve
remains open to permit gas to escape as the piston rises. Laser
280 is used to track the movement of the piston, sensing when the
piston has reached the top of its stroke.

Figure 8 schematically depicts how disposable elements of the
separator are removed and replaced. Upper valve and seal assembly
230 and lower valve and seal assembly 232 are removed and
discarded. The lower portion of the separator housing is removed,
and then the feed cone nut i1is unscrewed and the feed cone and
lower bearing assembly is removed; these components are set aside
for reuse. Bowl liner 220 containing piston 200 with shuttle
valve 250 are removed and discarded. A new bowl liner assembly
containing a new piston and shuttle valve can then be installed in
the housing. The feed cone and lower bearing assembly is replaced
and retained using the feed cone 1lock nut. The lower housing

portion 1s replaced, and new upper and lower valve and seal
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assemblies are 1installed. The separator 1s then prepared to
separate a new sample.

Figure 9 shows another embodiment of a centrifugal separator
according to the invention having dual solids discharge pistons.
The separator is shown in vertical section with a middle section
removed. Many of the parts are the same as, or similar to, the
embodiment depicted in Fig. 1. The differences are discussed
below. The dual piston design allows for more complete extraction
of solids, and also less cross—contamination between cycles, than
a single piston design.

Separator bowl 150 encases bowl liner 220, which is removable
from the bowl and preferably disposable. First piston 200, which
is responsible for discharging most of the solids accumulated
along the inner wall of the bowl liner, is encased by the liner,
and the sides of the piston conform to the inner wall of the bowl
liner. Aligned with the central vertical axis of the bowl liner is
central core 225, which extends from the top to the bottom of the
bowl liner. The lower inner surface of the bowl liner preferably
conforms to the lower surface of the first piston. The first
piston includes a central hole to accommodate the central core,
along which the first piston moves within the bowl liner. Inside
the central core is second piston 205, which is attached at its
top surface to pushrod 208, used to drive the second piston
downward to expel residual solids during the discharge cycle. The
second piston can be configured in different diameters, according
to the needs of the separation. For example, Fig. 9A depicts a
large second piston design, appropriate for a thicker, more
viscous solid paste, while Fig. 9C depicts a small second piston
design with smaller piston diameter, suitable for thinner, less
viscous sclid paste. The large configuration of the second piston
preferably has a diameter from about 30 to about 40 mm, and the
small configuration preferably has a diameter from about 10 mm to

about 30 mm, though other sizes also can be used according to the

,2 6,
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needs of a particular application. Cylindrical extension 154
extends from the bottom of the bowl liner and forms the pathway
for both adding feed liquid to the separator during separation and
removing accumulated solids during the solids discharge process.

The upper portion of the bowl liner is preferably extended up
through the spindle portion of the bowl, and 1is fitted into a
centrate valve assembly, as depicted in Fig. 9B. The centrate
valve assembly can be combined with second piston actuator unit
206 as shown in Fig. 9A, or the centrate valve assembly and second
piston actuator can be configured as separate units. The
uppermost portion of the upper bowl liner extends from the spindle
and fits into the centrate wvalve assembly, where it meets with
centrate valve assembly seals 187. The optional seals provide a
hermetically sealed environment within the Dbowl liner during
separator operation. Optionally, the liner extension 1is fitted
with sleeve 187, that contacts the seals. For example, seals can
be “Flexlip” all plastic lip seals (Parker, Cleveland, Ohio), and
the sleeve can be a CR “Speedi Sleeve®” (SKF Sealing Solutions,
Elgin, 1Illinois). Ports 188 for seal cooling liquid can be
included in the centrate valve assembly, as well as a seal leakage
drain port 189.

Lower extension 153 of the bowl liner fits into lower bowl
extension 154, which in turn i1is fitted within lower bearing
assembly 121. The lower bearing assembly is in turn attached to
lower housing clamp ring 112, which secures the bearing assembly

and the separator bowl to the lower portion of separator housing

110. The bearing assembly can be stabilized with anti-rotation
pins 117. The clamp ring 1is removable to allow access to the
separator bowl and its liner assembly. For removal of lower bowl

extension 154 and exchange of the bowl liner assembly, bowl bottom
lock nut 156 provides access. In order to extract the lock nut,
the separator bowl can be fixed in place using bowl lock handles

124.
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Feed/discharge valve assembly 175 1is attached to the lower
end of lower bearing assembly 121, and includes a three-way valve
to allow switching between one pathway providing access to feed
ligquid and another pathway providing an exit port for solids
discharge from the separator. The solids discharge path through
the valve has a diameter that Jjust accommodates the second piston,
which 1s extended through the wvalve to remove the last remaining
residual solids from the valve during a final discharge operation.
The three-way valve can be, for example, a ball valve. The
feed/discharge assembly can be configured in large and small
versions, for use with the large and small embodiments of the
second piston, as described above. Preferably, the feed/discharge
valve assembly is disposable, and preferably made of one or more
plastic materials. If the separator is to be hermetically sealed
during operation, then the feed/discharge valve can be provided
with lip seals, and the lower extension of the bowl liner can be
provided with a sleeve to contact the seals, as discussed above
for the centrate valve assembly. The valve can be outfitted with
ports 178 for seal cooling liquid.

Figure 10 shows the separator of Fig. 9 in a feed and

separation mode. The first and second pistons are 1in their
uppermost positions. The bowl 1is rotated 152 at a speed
appropriate for separation. Drive motor 300 1is preferably a

variable speed vector-type motor with speed and angular position
sensing. Preferably, cooling liquid 113 is circulated through the
separator housing. Solids 173 accumulate along the inner wall of
the bowl liner. The presence of the central core eliminates most
of the air space within the bowl, thereby eliminating a source of
turbulence that can be detrimental to both the separation and to
components of the feed liquid that are being separated. Centrate
liquid flows out of the separator bowl through centrate channel
309 in the central core, and out through the open centrate valve

382 under pressure from feed pump 372, while drain valve 383 and
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feed retract valve 376 remain closed. Piston vent wvalve 375 and
discharge wvalve 374 also remain closed. Second piston push rod
308 includes one or more openings just above its contact point
with the second piston; these openings allow centrate fluid to
escape upwards through the hollow push rod 308. Cooling liquid is
circulated through seal cooling ports 178 and 188.

Figure 11 shows the separator of Fig. 9 in a drain mode,
following separation. The motor has been ramped to a stop.
Reversible feed pump 372 pumps residual feed ligquid back into a
storage vessel, with drain vent valve 383 in the open position.
Valves 382, 375, 374, and 376 are closed.

Figure 12 shows the separator of Fig. 92 in an initial solids
discharge mode following the drain mode. The drive motor is
stopped. Feed/discharge wvalve 175 1is rotated to the discharge
position, and accumulated solids 373 are discharged through the
discharge port. Feed retract wvalve 376 is closed, and feed pump
372 1is off. Drive gas 190 is applied through solids discharge
valve 374. A solids discharge piston air supply isolation
actuator 201 is urged downward by drive gas applied to isolation
actuator port 202. In this position, the isolation actuator opens
a pathway from first piston down port 204 to allow drive gas from
the discharge valve to reach the space above first piston 200,
thereby urging the piston downward. Valves 375, 376, 382, and 383
remain closed. The position of the first piston within the bowl
can be tracked using time-of-flight laser unit 280, which sends
laser beam 282 through the upper bearing assembly and a window in
the bowl and bowl liner to be reflected cff a mirrored surface or
reflective tape 260 on the top surface of the first piston.

Figure 13 shows the separator of Fig. 9 in a final discharge
mode following the initial discharge mode shown in Fig. 12. The
drive motor is stopped. The first piston 200 is lowered all the
way to the bottom of the bowl, and second piston 205 is lowered

through the feed/discharge valve to remove the last remaining
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solids 373 from the wvalve. The second piston is driven downward
through the action of hollow push rod 208, which in turn is driven
by second piston actuator 206. The actuator is driven by gas
applied to second piston down port 209. Second piston actuator
drive rod 208 contacts second piston push rod 308. Push rod 308
Discharge valve 374 remains open and the first piston isolation
actuator remains 1in the down position with gas applied at ports
202 and 204, which maintains the first piston 1in its lowermost
position. The position of the second piston within the bowl or
discharge valve can be tracked using second piston position sensor
207, which can ke, e.g., a magnetic or capacitive position sensor
within actuator 206. Remaining valves 376, 375, 382, and 383 are
closed.

Figure 14 shows the separator of Fig. 9 in a piston retract
mode following the final discharge mode shown in Fig. 13. The
drive motor is stopped. Retract wvalve 376 is open and in feed
position, and drive gas 1is applied through the feed/discharge
valve to raise the first piston. Gas 1is also applied to piston
isolation actuator down port 202 to maintain isolation actuator
201 in the lowered position, which opens a pathway to allow drive
gas from port 203 to reach the underside of the second piston.
The drive gas drives the second piston upward to 1its starting
position, and the second piston in turn drives push rod 308
upwards as well, to 1ts starting position within the separator
bowl spindle. Drive gas is also applied to second piston actuator
up port 210 to retract second piston drive rod 208. Piston wvent
valve 375 is open to allow gas trapped above the first piston to
escape through port 204; this 1s also enabled by the lowered
position of the isolation activator, which opens a pathway between
port 204 and the space above the first piston. Valves 374, 382,
and 383 are closed. The positions of the first and second pistons
can be monitored during retraction using their respective position

sensing systems. Once the first piston has been fully retracted,
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the isolation actuator is also retracted to the raised position by
applying drive gas to isolation activator up port 302.

Figure 15 shows the separator of Fig. 9 disassembled for
replacement of disposable parts between runs. Displacement
transducer 207 1is removed for reuse or replacement from the
disposable centrate valve/second piston actuator assembly 306,
which 1is replaced by a fresh, preferably sterile assembly.
Similarly, feed/discharge valve assembly 232 is removed and
replaced with a new, preferably sterile assembly. In order to
replace the bowl liner and piston assembly, lower housing claim
ring 112 and lower housing cap 312 are first removed. Then, once
the bowl is locked in place by tightening lock handles 124, the
lower bearing assembly 121 and bowl bottom lock nut 156 can be
removed. This exposes the assembly containing bowl liner 200,
first piston 200, central core 225, lower liner extension 153, and
upper liner extension 353. The assembly 1s removed and replaced
by a new, preferably sterilized assembly.

The invention also contemplates kits containing any
combination of the disposable elements or assemblies used in a
dual piston centrifugal separator according to the invention.
For example, such a kit can contain any of the following, or any
combination thereof: a disposable bowl liner, a disposable bowl
liner/first piston assembly, a disposable separator bowl/bowl
liner/first piston assembly, a disposable centrate valve
assembly, a disposable second piston assembly, a disposable
centrate valve/second piston assembly, or a disposable
feed/discharge valve assembly. Such kits may also 1nclude
instructions for installation and/or use of the provided
disposable components in the separator.

Further, the invention contemplates methods of operating a
dual piston centrifugal separator according to the invention, such
as that depicted in Fig. 9. One embodiment of such a method

includes the following steps. In step (a), feed liquid is flowed
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or pumped into the separator bowl through an inlet port. The
separator bowl contains a hollow central core, a first piston
surrounding the core, and a second piston within the core. In
step (b), the separator bowl is rotated through the action of a
drive motor, and in the process, solid or denser components of
the feed liquid accumulate on the inner surface of the bowl or
bowl liner. In step (c), the separator bowl is continued to be
rotated while feed liguid flows 1into the inlet port, resulting
in the production of a clarified centrate ligquid that flows out
through an outlet port. In step (d), bowl rotation is stopped,
and residual liquid is drained from the bowl through the inlet
port. In step (e), a pressurized fluid, such as a drive gas, is
introduced into the bowl, <causing the first piston to be
displaced downward within the bowl, and causing accumulated
solids to be discharged through the inlet port. 1In step (f), an
actuator for the second piston is driven downward, causing the
second piston to move downward within the central core, and
causing residual solids to be discharged through the inlet port.
In optional step (g), a pressurized fluid or drive gas 1is
introduced through the inlet port into the bowl, forcing the
first piston to be displaced upward in the bowl, recreating the
starting conditions for step (a). In some embodiments of the
method, steps (a) through (g) are repeated for two or more
cycles, which can be useful to process large amounts of a single
feed liquid material, for example. In optional step (h), the
separator 1s partially disassembled following step (f) or step
(g), and one or more disposable components of the separator are
replaced prior to repeating step (a). This 1s useful when
switching the feed material to a different material, avoids
cross—contamination between different types of feed material,

and also helps to maintain sterility.

,32,
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While the present invention has been described in conjunction
with a preferred embodiment, one of ordinary skill in the art,
after reading the foregoing specification, will be able to effect
various changes, substitutions of equivalents and other
alterations to the compositicns, articles, methods and apparatuses
set forth herein. For example, fluid pressure may be replaced in
other embodiments by, without limitation, an electromechanical
force. Similarly, the lower portion and end of the piston and
bowl, respectively, may be non-conical in shape, although it 1is
preferable for solids recovery that their shapes be complimentary.
Valves can be operated manually or by, e.g., electrically or
pressure—-driven actuators.

Moreover, the invention also contemplates that the wvarious
passages, valves, pistons, actuators, assemblies, ports, members
and the 1like described herein can be in any configuration or
arrangement that would be suitable for operation of a centrifugal
separator. The embodiments described above may also each include
or incorporate any of the wvariations of all other embodiments.
For example, the laser piston position sensor assembly described
herein can be used 1in conjunction with any or all of the
embodiments of the present invention. The centrifugal separator
can be hermetically sealed or can lack hermetic seals. Various
components, e.g., bowls, bowl liners, pistons, or valves, can ke
provided as separate items or combined with related items as a
kit, including instructions for use with a separator or a method
according to the invention. Furthermore, the embodiments
described herein may also include any of the components or
configurations described in any of U.S. Published Patent
Application Nos. 2007-004%9479 and 2007-011416l1, U.S. Patent
7,261,683, U.S. Patent 7,052,451, and U.S. Patent 6,986,734, all
of which are incorporated by reference herein. It is therefore

intended that the protection granted by Letter Patent hereon be

,33,
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limited only by the definitions contained in the appended claims

and equivalents thereof.
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CLAIMS

1. A solids discharge centrifugal separator comprising a dual
piston separator bowl assembly, the assembly comprising:

a separator bowl comprising an upper portion, a cylindrical
middle portion, and a conical lower portion, wherein the upper
portion comprises a spindle shaft capable of engaging a drive
motor, the spindle shaft terminating at an upper end in an
outlet port, wherein the lower portion comprises a cylindrical
extension terminating at a lower end in an inlet/solids
discharge port;

a hollow central core disposed about a central axis of the
bowl and extending from a lower end of said spindle shaft to an
upper end of said cylindrical extension;

a first piston movably disposed within the bowl, conforming
to an inner surface of the bowl, and surrounding the central
core; and

a second piston movably disposed within the central core,
conforming to an inner surface of the central core, and capable
of extension through said cylindrical extension to discharge

solids from the bowl.

2. The solids discharge centrifugal separator of
claiml, wherein the lower portion of the separator bowl is

removable.

3. The solids discharge centrifugal separator of claim 1,

further comprising a bowl liner.

4. The solids discharge centrifugal separator of claim 1,
further comprising a centrate wvalve assembly, the assembly
comprising:

a centrate valve having an open position and a closed
position, the wvalve capable of directing flow of centrate from

35
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the separator to a centrate port for collection when in the open
position and capable of stopping flow of centrate from the
separator when in the closed position; and

a solids discharge piston actuator, the actuator capable of
moving a piston within a separator bowl of the separator

todischarge solids from the bowl.

5. The solids discharge centrifugal separator of claim 1,
further comprising a feed/discharge valve assembly, the assembly
comprising:

a feed port for connection to a feed line;

a solids port for connection to a solids collection vessel;
and

a three-way valve having a first open configuration and a
second open configuration, the first open configuration
directing feed liquid from the feed port into an inlet port in a
lower end of a separator bowl of said separator, and the second
open configuration providing a pathway from said inlet port to
the solids port; wherein the pathway conforms to a solids

discharge piston within the separator bowl.

6. The solids discharge centrifugal separator of claim 1,

further comprising a first piston air supply isolation actuator.

7. The solids discharge centrifugal separator of claim 6,
further comprising a first port for supplying air to drive the
isolation actuator up and a second port to drive the isolation

actuator down.

8. The solids discharge centrifugal separator of claim 1,
further comprising an upper hermetic seal contacting a sleeve on
said spindle and a lower hermetic seal contacting a sleeve on

said cylindrical extension.

36
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9. The solids discharge centrifugal separator of claim
8, further comprising one or more seal cooling ports, each port
connecting to a pathway that directs cooling liquid to one of

sald hermetic seals.

10. The solids discharge centrifugal separator of claim
1, further comprising an upper bearing assembly having a
spherical mount and one or more bearing housing anti-rotation

pins.

11. The solids discharge centrifugal separator of claim
1, further comprising a lower bearing assembly with anti-

rotation pins.

12. The solids discharge centrifugal separator of claim
1, further comprising a separator housing having upper and lower
portions, wherein the lower portion is removable from the upper

portion.

13. The solids discharge centrifugal separator of claim 1
comprising one or more disposable components selected from the
group consisting of a disposable bowl liner, a disposable bowl
liner/first piston assembly, a disposable separator bowl/bowl
liner/first piston assembly, a disposable centrate valve
assembly, a disposable second piston assembly, a disposable
centrate valve/second piston assembly, and a disposable

feed/discharge valve assembly.

14. The solids discharge centrifugal separator of claim

1, wherein all sample contacting components are disposable.

37

6768285_1 (GHMatters) P87463.AU ANDREAS



23 Sep 2015

2009334385

10

15

20

25

30

35

15. The solids discharge centrifugal separator of claim 1

which is hermetically sealed.

le. A method of operating a solids discharge centrifugal
separator, the separator comprising:

a separator bowl comprising an upper portion, a
cylindrical middle portion, and a conical lower portion, wherein
the upper portion comprises a spindle shaft capable of engaging
a drive motor, the spindle shaft terminating at an upper end in
an outlet port, wherein the lower portion comprises a
cylindrical extension terminating at a lower end in an
inlet/solids discharge port;

a hollow central core disposed about a central axis of
the bowl and extending from a lower end of said spindle shaft to
an upper end of said cylindrical extension;

a first piston movably disposed within the bowl,
conforming to an inner surface of the bowl, and surrounding the
central core, the movement of the first piston regulated by a
pressurized fluid within the bowl; and

a second piston movably disposed within the central
core, conforming to an inner surface of the central core, and
capable of extension through said cylindrical extension to
discharge solids from the bowl, the movement of the second
piston regulated by an actuator coupled mechanically to the
second piston; the method comprising the steps of:

(a) flowing feed liquid into the separator bowl through
the inlet port;
(b) rotating the separator bowl, whereby solid components
of the feed liquid accumulate on an inner surface of the bowl;
(c) continuing to rotate the separator bowl while flowing
feed liquid into the inlet port, whereby clarified centrate
liquid flows out through the outlet port;
(d) stopping bowl rotation and draining residual liquid

from the bowl through the inlet port;
38
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(e) introducing a pressurized fluid into the bowl, whereby
the first piston is displaced downward within the bowl and
accumulated solids are discharged through the inlet port; and

(f) driving the actuator downward, whereby the second
piston moves downward within the central core and causes

residual solids to be discharged through the inlet port.

17. The method of claim 16, further comprising:
(g) introducing a pressurized fluid through the inlet port

into the bowl, whereby the first piston is displaced upward in

the bowl.

18. A bowl liner assembly for a solids discharge

centrifugal separator, the assembly comprising:

a bowl liner conforming to an inner wall of a separator
bowl of said separator, the separator bowl comprising an upper
portion, a cylindrical middle portion, and a conical lower
portion, wherein the upper portion comprises a spindle shaft
capable of engaging a drive motor, the spindle shaft terminating
at an upper end in an outlet port, wherein the lower portion
comprises a cylindrical extension terminating at a lower end in
an inlet/solids discharge port, wherein the bowl liner extends
from the inlet port to the outlet port;

a hollow central core disposed about a central axis of the
bowl and extending from the liner at said spindle shaft to the
liner at said lower extension;

a first piston movably disposed within the liner,
conforming to an inner surface of the liner, and surrounding the
central core; and

a second piston movably disposed within the central core,
conforming to an inner surface of the central core, and capable
of extension through said cylindrical extension to discharge

solids from the bowl.

39
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19. The bowl liner assembly of claim 18, wherein the bowl

liner is made of a plastic material.

20. The bowl liner assembly of claim 18, wherein the bowl
liner, separator bowl, spindle shaft, first piston, second

piston, and central core are made of a plastic material.

21. The bowl liner assembly of claim 18 which is configured as

a pre-sterilized disposable unit.

22. The bowl liner assembly of claim 18, wherein the central
core comprises channels for a fluid that drives one or both of

said first and second pistons.

23. The bowl liner assembly of claim 18, wherein the lower end
of the separator bowl is removable to permit exchange of the

liner assembly.

40
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