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TITLE

“APPARATUSES AND METHODS USING HIGH PRESSURE DUAL CHECK
VALVE”

FIELD OF THE INVENTION

[0001] The present disclosure generally relates to apparatuses and methods related to
a high pressure fluid processing device, and more specifically to a high pressure mixer or
homogenizer having a dual check valve setup that can be quickly and easily maintained with

replacement parts.

BACKGROUND

[0002] High pressure fluid processing devices can be used for a variety of purposes,
such as mixing or homogenizing unprocessed material. For example, homogenizers push
unprocessed material through orifices at a high pressure, resulting in targeted particle size
reduction or molecule formation. Impinging jet reactors also use high pressure for

nanocrystallization.

SUMMARY

[0003] The present disclosure provides apparatuses and methods related to a high
pressure fluid processing device having a dual check valve setup that can be quickly and
easily maintained with replacement parts, and that reduces the total number of parts
compared to other designs with a similar function. In a general example embodiment, a high
pressure processing device includes including a first surface having a first recess, a second
surface having a second recess, and a third surface having a third recess, a first subassembly
at least partially inserted into the first recess of the body, the first subassembly including a
first check valve, a second subassembly at least partially inserted into the second recess of the
body, the second subassembly including a second check valve, and a third subassembly at
least partially inserted into the third recess of the body, the third subassembly coupling the

body to a fluid driving mechanism, wherein the first subassembly, second subassembly and
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third subassembly are configured to be independently attachable to and detachable from from
the first recess, second recess and third recess, respectively.

[0004] In another example embodiment, the first check valve is a first ball valve, and
the second check valve is a second ball valve.

[0005] In another example embodiment, an inner surface of at least one of the first
recess, second recess and third recess is threaded for attachment of the first subassembly,
second subassembly or third subassembly, respectively.

[0006] In another example embodiment, the first subassembly, second subassembly
and third subassembly are configured to be threaded into the body independently of each
other.

[0007] In another example embodiment, the fluid driving mechanism is a piston, the
third subassembly includes a coupling and a piston housing, and the coupling at least partially
inserted into the third aperture to enable the piston to move back and forth within the piston
housing to impart a positive or negative pressure through the third recess.

[0008] In another example embodiment, the piston does not extend into the third
recess when driving fluid through the first and second recesses.

[0009] In another example embodiment, the first recess and the second recess are in
fluid communication via a connecting channel formed in the body.

[0010] In another example embodiment, the connecting channel has a smaller
diameter than the first recess or the second recess.

[0011] In another example embodiment, the connecting channel is a first connecting
channel, and the third recess is in fluid communication with the first and second recesses via
a second connecting channel formed in the body to be connected to the first connecting
channel.

[0012] In another example embodiment, the second connecting channel is
perpendicular to the first connecting channel.

[0013] In another example embodiment, the first recess, the second recess and the
third recess are all in fluid communication via at least one connecting channel formed in the
body.

[0014] In another example embodiment, at least one of the first subassembly or the
second subassembly includes a deformable material that cooperates with a ball to form the

check valve.
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[0015] In another example embodiment, the deformable material is located within an
indentation formed into a valve seat that receives the ball.

[0016] In another example embodiment, the device does not include any gaskets, o-
rings and/or other deformable materials.

[0017] In another example embodiment, at least one of the first subassembly and the
second subassembly does not include a gasket, o-ring and/or other deformable material.

[0018] In another example embodiment, the device does not include any gaskets, o-
rings and/or other deformable materials contacting an inner surface of at least one of the first
recess or second recess.

[0019] In another example embodiment, does not include any gaskets, o-rings and/or
other deformable materials contacting an inner surface of the third recess.

[0020] In another example embodiment, a method of repairing the high pressure
processing device includes removing one of the first subassembly, second subassembly and
third subassembly from the body independently of the others of the first subassembly, second
subassembly and third subassembly, replacing a part of the removed first subassembly,
second subassembly or third subassembly, and reattaching the removed first subassembly,
second subassembly or third subassembly with the replacement part.

[0021] In another example embodiment, a method of producing a fluid dispersion
includes passing a flowable material including particles through the device.

[0022] In another example embodiment, a method of reducing particle size includes
passing a particle stream through the device.

[0023] In another general example embodiment, a high pressure processing device
includes a first surface having a first recess and a second surface having a second recess, the
second surface located opposite to the first surface, a first subassembly inserted into the first
recess of the body, the first subassembly including a first plug configured to form a one-way
valve in combination with a first valve seat, and a second subassembly inserted into the
second recess of the body, the second subassembly including a second plug configured to
form a one-way valve in combination with a second valve seat, wherein the first recess is
fluidly connected to the second recess by a connecting channel such that the first recess,
second recess and connecting channel form an aperture extending straight through the body

from the first outer surface to the opposite second outer surface.
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[0024] In another example embodiment, the first subassembly and the second
subassembly are configured to be independently attachable to and removable from the first
recess and second recess, respectively.

[0025] In another example embodiment, the device includes a third subassembly
inserted into a third recess on a third outer surface of the body, the third subassembly
coupling the body to a fluid driving mechanism.

[0026] In another example embodiment, the third outer surface is approximately
perpendicular to the first surface and the second surface.

[0027] In another example embodiment, the connecting channel is a first connecting
channel, and the third recess is fluidly connected to the first recess and the second recess by a
second connecting channel connected to the first connecting channel.

[0028] In another example embodiment, the first subassembly includes a first gland
configured to be threaded into threads on an inner surface of the first recess, and the second
subassembly includes a second gland configured to be threaded into threads on an inner
surface of the second recess.

[0029] In another example embodiment, the first subassembly includes one or more
of a first biasing element retainer, a first biasing element, a first plug, a first deformable
material, a first valve seat and a first subassembly gland.

[0030] In another example embodiment, the first subassembly consists of one or more
of a first biasing element retainer, a first biasing element, a first plug, a first deformable
material, a first valve seat and a first subassembly gland.

[0031] In another example embodiment, the second subassembly includes one or
more of a second valve seat, a second deformable material, a second plug, a second biasing
element, a second biasing element retainer, a second channel member and a second
subassembly gland.

[0032] In another example embodiment, the second subassembly consists of one or
more of a second valve seat, a second deformable material, a second plug, a second biasing
element, a second biasing element retainer, a second channel member and a second
subassembly gland.

[0033] In another example embodiment, a method of repairing the high pressure
processing device includes removing one of the first subassembly and second subassembly

from the body independently of the other of the first subassembly and second subassembly,
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replacing a part of the removed first subassembly or second subassembly, and reattaching the
removed first subassembly or second subassembly with the replacement part.

[0034] In another example embodiment, a method of producing a fluid dispersion
includes passing a flowable material including particles through the device.

[0035] In another example embodiment, a method of reducing particle size includes
passing a particle stream through the device.

[0036] In another general example embodiment, a high pressure processing device
includes a body including a fluid flowpath extending therethrough, a coupling including a
first end, a second end and a channel extending from the first end to the second end, the first
end of the coupling threading to threads on an inner surface of a recess formed in the body, a
piston housing removably attachable to the second end of the coupling, the piston housing
including an inner compartment placed in fluid communication with the recess of the body by
the channel of the coupling, and a piston actuatable within the inner compartment of the
piston housing, wherein actuating the piston back and forth within the inner compartment of
the piston housing causes fluid to flow through the fluid flowpath of the body.

[0037] In another example embodiment, the piston does not extend into the body
when actuating back and forth to cause fluid to flow through the fluid flowpath of the body.

[0038] In another example embodiment, the coupling is attached to the body only by
threading the first end of the coupling inside the recess.

[0039] In another example embodiment, the fluid flowpath extends from a first outer
surface of the body to a second outer surface of the body, and the recess is located in a third
outer surface of the body different from the first and second surfaces.

[0040] In another example embodiment, the fluid flowpath extends parallel to an
outer surface of the body including the recess.

[0041] In another example embodiment, the device includes a first subassembly at
least partially inserted into a different recess in the body, the first subassembly including a
first check valve and forming at least part of the fluid flowpath.

[0042] In another example embodiment, the device includes a second subassembly at
least partially inserted into a second different recess in the body, the second subassembly
including a second check valve and forming at least part of the fluid flowpath.

[0043] In another example embodiment, the first subassembly, second subassembly
and third subassembly are configured to be independently attachable to and removable from

the body.
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[0044] In another example embodiment, a method of producing a fluid dispersion
includes passing a flowable material including particles through the device.

[0045] In another example embodiment, a method of reducing particle size includes
passing a particle stream through the device.

[0046] In another general example embodiment, a high pressure processing device
includes a first check valve assembly, the first check valve assembly including a first body
including a first recess, a second recess, and a third recess,, a first subassembly including a
first check valve, the first subassembly inserted at least partially into the first recess of the
first body, a second subassembly including a second check valve, the second subassembly
inserted at least partially into the second recess of the first body, and a third subassembly
coupling the body to a fluid driving mechanism, the third subassembly inserted at least
partially into the third recess of the first body, and a second check valve assembly, the second
check valve assembly including a second body including a first recess, a second recess, and a
third recess,, a first subassembly including a first check valve, the first subassembly inserted
at least partially into the first recess of the second body, a second subassembly including a
second check valve, the second subassembly inserted at least partially into the second recess
of the second body, and a third subassembly coupling the body to a fluid driving mechanism,
the third subassembly inserted at least partially into the third recess of the second body,
wherein the first body and the second body are physically separate bodies, and the first,
second and third subassemblies attached to one of the first and second bodies can be serviced
without disrupting the other of the first and second bodies.

[0047] In another example embodiment, a method of producing a fluid dispersion
includes passing a flowable material including particles through the device.

[0048] In another example embodiment, a method of reducing particle size includes
passing a particle stream through the device.

[0049] In another general example embodiment, a method of repairing a high pressure
processing device including a body, a first subassembly including a first check valve, a
second subassembly including a second check valve, and a third subassembly coupling the
body to a fluid driving mechanism, includes removing one of the first subassembly, second
subassembly and third subassembly from the body independently of the others of the first
subassembly, second subassembly and third subassembly, replacing a part of the removed
first subassembly, second subassembly or third subassembly, and reattaching the removed

first subassembly, second subassembly or third subassembly with the replacement part.
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[0050] In another example embodiment, removing one of the first subassembly,
second subassembly and third subassembly from the body includes unthreading the one of the
first subassembly, second subassembly and third subassembly from an inner surface of a
recess of the body.

[0051] In another example embodiment, reattaching the removed first subassembly,
second subassembly or third subassembly with the replacement part includes threading the
removed first subassembly, second subassembly or third subassembly to an inner surface of a
recess of the body.

[0052] In another example embodiment, the method includes removing the first
subassembly from the body independently of the second subassembly and the third
subassembly, and replacing a part of the first subassembly includes replacing one or more of
a first biasing element retainer, a first biasing element, a first plug, a first deformable
material, a first valve seat and a first subassembly gland of the first subassembly.

[0053] In another example embodiment, removing the first assembly includes
unthreading the first subassembly gland of the first subassembly from an inner surface of a
recess of the body.

[0054] In another example embodiment, the method includes removing the second
subassembly from the body independently of the first subassembly and the third
subassembly, and replacing a part of the second subassembly includes replacing one or more
of a second valve seat, a second deformable material, a second plug, a second biasing
element, a second biasing element retainer, a second channel member and a second
subassembly gland of the second subassembly

[0055] In another example embodiment, removing the second assembly includes
unthreading the second subassembly gland of the second subassembly from an inner surface
of a recess of the body.

[0056] In another example embodiment, the method includes removing the third
subassembly from the body independently of the first subassembly and the second
subassembly, and replacing a part of the third subassembly includes replacing one or more of
a piston, a piston housing and a coupling of the second assembly.

[0057] In another example embodiment, removing the third assembly includes
unthreading the coupling of the third subassembly from an inner surface of a recess of the

body.
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[0058] In another example embodiment, removing the third subassembly includes
unthreading the body from the third subassembly while leaving the third subassembly

attached to a fluid driving mechanism at an opposite end.

BRIEF DESCRIPTION OF THE FIGURES

[0059] Embodiments of the present disclosure will now be explained in further detail
by way of example only with reference to the accompanying figures, in which:

[0060] FIG. 1 shows a perspective view of an example embodiment of a check valve
assembly for a high pressure processing device according to the present disclosure;

[0061] FIG. 2 shows a cross-sectional view of the example embodiment of the check
valve assembly of FIG. 1;

[0062] FIG. 3 shows an exploded perspective view of the example embodiment of the
check valve assembly of FIG. 1;

[0063] FIG. 4 shows a cross-sectional view of the exploded perspective view of the
example embodiment of the check valve assembly of FIG. 1;

[0064] FIG. 5 shows another cross-sectional perspective view of the check valve
assembly of FIG. 1; and

[0065] FIG. 6 show a cross-sectional side view of the example embodiment of the

check valve assembly of FIG. 1.

DETAILED DESCRIPTION

[0066] Before the disclosure is described, it is to be understood that this disclosure is
not limited to the particular apparatuses and methods described. It is also to be understood
that the terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to be limiting, since the scope of the present disclosure will be
limited only to the appended claims.

[0067] As used in this disclosure and the appended claims, the singular forms “a,”
“an” and “the” include plural referents unless the context clearly dictates otherwise. The
methods and apparatuses disclosed herein may lack any element that is not specifically

disclosed herein. Thus, “comprising,” as used herein, includes “consisting essentially of” and

“consisting of.”
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[0068] FIGS. 1 to 6 show an example embodiment of a check valve assembly 10 for a
high pressure processing device. In an embodiment, the high pressure processing device can
be a high pressure mixer or homogenizer that operates, for example, at a pressure between 0
and 60,000 psi. In an embodiment, the high pressure processing device can include a
plurality of the check valve assemblies 10 as disclosed herein, with each individual check
valve assembly 10 as described herein being separate from each other check valve assembly
10, enabling each check valve assembly 10 to be individually serviced without disrupting
each other check valve assembly 10.

[0069] Check valve assembly 10 includes a central body 12 with a plurality of recess
located therein. In the illustrated embodiment, body 12 includes a first recess 14 configured
to receive a first subassembly 16, a second recess 18 configured to receive a second
subassembly 20, and a third recess 22 configured to receive a third subassembly 24. First
recess 14 includes threads 14b on an inner surface thereof for threading to first subassembly
16, second recess 18 includes threads 18b on an inner surface thereof for threading to second
subassembly 20, and third recess 22 includes threads 22a on an inner surface thereof for
threading to third subassembly 24. Those of ordinary skill in the art will recognize that other
couplings besides threads can be used to attach first subassembly 16, second subassembly 20
and/or third subassembly 24 to body 12.

[0070] Body 12 can be formed, for example, of metal, plastic, ceramic, carbon
fiber/composite, and/or the like. In an embodiment formed of a high pressure processing
device with a plurality of check valve assemblies 10, each check valve assembly 10 may
include a separate body 12.

[0071] First recess 14 and second recess 18 extend into body 12 at opposite outer
surfaces 24, 25 and are fluidly connected by a first connecting channel 26, such that first
recess 14, second recess 18 and first connecting channel 26 form a fluid path extending from
outer surface 24 to outer surface 25. In the illustrated embodiment, the fluid path formed by
first recess 14, second recess 18 and first connecting channel 26 is located along a straight
axis from outer surface 24 to outer surface 25. As illustrated, the diameter of first connecting
channel 26 is thinner than the diameter at any portion of first recess 14 or second recess 18.

[0072] Third recess 22 extends into body 12 at a third outer surface 28 and is also
fluidly connected with first recess 14 and second recess 18 via a second connecting channel
30 that connects to first connecting channel 26. In the illustrated embodiment, second

connecting channel 30 is perpendicular to first connecting channel 26, and third recess 22
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extends into body 12 in a direction perpendicular to first recess 14 and second recess 18, but
those of ordinary skill in the art will recognize that other geometric configurations are
possible. As illustrated, the diameter of second connecting channel 30 is thinner than the
diameter at any portion of third recess 22. In the illustrated embodiment, the recesses and
connecting channels are round, but those of ordinary skill in the art will recognize that other
shapes are possible.

[0073] First subassembly 16 includes a plurality of parts that together form a first
one-way check valve that can be easily inserted into and removed from first recess 14 without
disturbing the parts located in other recesses. In the illustrated embodiment, first
subassembly 16 includes a first biasing element retainer 32, a first biasing element 34, a first
plug 36, a first deformable material 38, a first valve seat 40, and a first subassembly gland 42,
which can be placed into first recess 14 as shown to form first subassembly 16 and attach first
subassembly 16 to body 12. In the illustrated embodiment, first plug 36 is a ball, which in
combination with other elements of first subassembly 16 forms a one-way ball valve. Those
of ordinary skill in the art will recognize that other geometries besides a ball may be used for
first plug 36. In the illustrated embodiment, first biasing element 34 is a spring, but those of
ordinary skill in the art will recognize other biasing elements that can be used for first biasing
element 34.

[0074] In the illustrated embodiment, first biasing element retainer 32 is inserted into
first aperture 16 so that a curved surface 32a of first biasing element retainer 32 is placed
against a corresponding curved surface 14a of first recess 14. As illustrated, curved surface
14a narrows to first connecting channel 26 and is sized to prevent the elements of first
subassembly 16 from entering first connecting channel 26. First biasing element 34, here a
spring, is placed against first biasing element retainer 32 around a protrusion 32b on the
opposite end of first biasing element retainer 32 as compared to curved surface 32a, though
those of ordinary skill in the art will recognize other ways for first biasing element retainer 32
to hold a first biasing element 34 such as a spring. First plug 36 is placed between first
biasing element 34 and first valve seat 40, such that first plug 36 rests in a corresponding
indentation 40a of first valve seat 40 when first biasing element 34 is extended towards first
valve seat 40. In the illustrated embodiment, first deformable material 38 is placed in its own
corresponding indentation in the perimeter of indentation 40a to ensure a fluid tight seal of
channel 40b through the center of first valve seat 40 when first biasing element 34 is

extended towards first valve seat 40 and first plug 36 is located within indentation 40a, but

10



WO 2018/136410 PCT/US2018/013850

those of ordinary skill in the art will recognize that first deformable material 38 may not be
necessary if first plug 36 is formed to match indentation 40a and provide the fluid tight seal
of channel 40b through the center of first valve seat 40. The perimeter 40c of first valve seat
40 is placed within an aperture 42a through the center of first subassembly gland 42, and then
the outer surface 42b of first subassembly gland 42 is threaded onto corresponding threads
14b on the inner surface of first recess 14. The angled surface 40d of first valve seat 40 abuts
a corner 14c of first recess 14 in which the diameter of first recess 14c changes, eliminating
the need for a gaskets, o-ring and/or other deformable material seal between first valve seat
40 and the inner surface of first recess 14.

[0075] The components of first subassembly 16 are arranged so that fluid can flow
through first recess 14 to first connecting channel 26. First valve seat 40 includes channel
40b through the center thereof to permit fluid flow when indentation 40a is not sealed by first
ball 36. First spring retainer 32 also includes an aperture therethrough or indention into an
outside thereof to allow fluid to flow from channel 40b of first valve seat 40 to first
connecting channel 26 when indentation 40a is not sealed by first plug 36.

[0076] As illustrated in FIGS. 1 to 4, a first flowpath is completed by attaching an
collar 66, an outer gland 68 and an inlet connection 70 to the end of first subassembly 16. In
the illustrated embodiment, an inner surface 42c of first subassembly gland 42 can be
threaded to an outer surface 68a of outer gland 68, and collar 66 can be placed against an
inner surface 68b of outer gland 68 between inlet connection 70 and outer gland 68. As
illustrated in FIG. 2, fluid and/or gas may flow through the first flowpath by flowing through
a central channel 70a in inlet connection 70, through central channel 40b of first valve seat
40, to first connecting channel 26. First plug 36 ensures that fluid and/or gas only flows in
the direction from inlet connection 70 through first valve seat 40 to first connecting channel
26, and not from first connecting channel 26 through first valve seat 40 to inlet connection
70. The outer end 70b of inlet connection 70 may connect, for example, to a fluid inlet.

[0077] First deformable material 38 can include an o-ring or another deformable
material that helps create a seal between first plug 36 and first valve seat 40 when first
biasing element 34 is extended towards first valve seat 40. It should be understood, however,
that an advantage of the present design is that gaskets, o-rings and/or other deformable
materials are not needed to seal the space between the outer surfaces of any of the elements
of first assembly 16 and the inner surface of first recess 14. As set forth above, the angled

surface 40d of first valve seat 40 abuts a corner 14c¢ of first recess 14 in which the diameter of
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first recess 14c changes, eliminating the need for a gasket, o-ring and/or other deformable
material to seal between first valve seat 40 and the inner surface of first recess 14. In an
embodiment, first subassembly 16 does not include any gaskets, o-rings and/or other
deformable materials. In another embodiment, the only gasket, o-ring and/or other
deformable material used in first assembly 16 is first deformable material 38. In another
embodiment, there are no gaskets, o-rings and/or other deformable materials inserted into
first recess 14 that contact the inner surface of first recess 14.

[0078] Second subassembly 20 includes a plurality of parts that together form a
second one-way check valve that can be easily inserted into and removed from second recess
18 without disturbing the parts located in other recesses. In the illustrated embodiment,
second subassembly 20 includes a second valve seat 44, a second deformable material 46, a
second plug 48, a second biasing element 50, a second biasing element retainer 52, a second
channel member 54 and a second subassembly gland 56, which can be placed into second
recess 18 as shown to form second subassembly 20 and attach second subassembly 20 to
body 12. In the illustrated embodiment, second plug 48 is a ball, which in combination with
other elements of second subassembly 20 forms a one-way ball valve. Those of ordinary skill
in the art will recognize that other geometries besides a ball may be used for second plug 48.
In the illustrated embodiment, second biasing element 50 is a spring, but those of ordinary
skill in the art will recognize other biasing elements that can be used for second biasing
element 50.

[0079] In the illustrated embodiment, second valve seat 44 is inserted into second
aperture 16 so that an angled, cone-shaped surface 44a of second valve seat 44 is placed
against a corresponding angled surface 18a of second recess 18. Cone-shaped surface 44a of
second valve seat 44 is advantageous, for example, because it avoids the need for a gasket, o-
ring and/or other deformable material to seal the contact between the second valve seat 44
and the second recess 18 and uses a direct surface-to-surface (e.g., metal-metal) contact. As
illustrated, angled surface 18a narrows to first connecting channel 26 and is sized to prevent
the elements of second subassembly 20 from entering first connecting channel 26. Second
plug 48 is placed between second biasing element 50 and second valve seat 44, such that
second plug 48 rests in a corresponding indentation 44¢ of second valve seat 44 when second
biasing element 50 is extended towards second valve seat 44. In the illustrated embodiment,
second deformable material 46 is placed in its own corresponding indentation in the

perimeter of indentation 44¢ to ensure a fluid tight seal of channel 44b through the center of
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second valve seat 44 when second biasing element 50 is extended towards second valve seat
44 and second plug 48 is located within indentation 44c, but those of ordinary skill in the art
will recognize that second deformable material 46 may not be necessary if second plug 48 is
formed to match indentation 44a and provide the fluid tight seal of channel 44b through the
center of second valve seat 40.

[0080] Second biasing element retainer 52 is inserted into an aperture 54a of second
channel member 54 so that a curved surface 52a of second spring retainer 52 is placed against
a corresponding curved surface 54a of second channel member 54. As illustrated, curved
surface 54a narrows to channel 54b of second channel member 54 and is sized to prevent
second biasing element retainer 52 from entering channel 54b. Second biasing element 50,
here a spring, is placed against second biasing element retainer 52 around a protrusion 52b on
the opposite end of second biasing element retainer 52 as compared to curved surface 52a,
though those of ordinary skill in the art will recognize other ways for second biasing element
retainer 52 to hold a second biasing element 50 such as a spring. The perimeter 54c of
second channel member 54 is placed within an aperture 56a through the center of second
subassembly gland 56, and the outer surface 56b of second subassembly gland 56 is threaded
onto corresponding threads 18b on the inner surface of second recess 18.

[0081] The components of second subassembly 20 are formed so that fluid can flow
from first recess 14, through connecting channel 26, and out second recess 18. Second valve
seat 44 includes channel 44b through the center thereof to permit fluid flow when indentation
44c is not sealed by second plug 48, and second channel member 54 includes channel 54b
through the center thereof to receive the fluid that flows past second plug 48. Second spring
retainer 52 also includes an aperture therethrough or indention into an outside thereof to
allow fluid to flow from channel 44b of second valve seat 44 to channel 54b of second
channel member 54 when indentation 44c is not sealed by second plug 48.

[0082] As illustrated in FIGS. 1 to 4, a second flowpath is completed by attaching an
collar 72, an outer gland 74 and an outlet connection 76 to the end of second subassembly 20.
In the illustrated embodiment, an inner surface 56¢ of second subassembly gland 56 can be
threaded to an outer surface 74a of outer gland 74, and collar 72 can be placed against an
inner surface 74b of outer gland 74 between outlet connection 76 and outer gland 74. As
illustrated in FIG. 2, fluid and/or gas flows through the second flowpath by flowing from
connecting channel 26, through channel 44b of second valve seat 44, through channel 54b of

second channel member 54, to channel 76a in outlet connection 76. Second plug 48 ensures
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that fluid and/or gas only flows in the direction from first connecting channel 26 through
second valve seat 44 and second channel member 54 to outlet connection 76, and not in the
opposite direction from outlet connection 76 to connecting channel 26. The outer end 76b of
outlet connection 76 may connect, for example, to fluid outlet.

[0083] Second deformable material 46 can include an o-ring or another deformable
material that helps create a seal between second plug 48 and second valve seat 44 when
second biasing element 50 is extended towards second valve seat 44. It should be
understood, however, that an advantage of the present design is that gaskets, o-rings and/or
other deformable materials are not needed to seal the space between the outer surfaces of any
of the elements of second assembly 20 and the inner surface of second recess 18. As set forth
above, cone-shaped surface 44a of second valve seat 44 helps avoid the need for a gasket, o-
ring and/or other deformable material to seal the contact between the second valve seat 44
and the second recess 18. In an embodiment, second subassembly 20 does not include any
gaskets, o-rings and/or other deformable materials. In another embodiment, the only gasket,
o-ring and/or other deformable material used in second subassembly 20 is second deformable
material 46. In another embodiment, there are no gaskets, o-rings and/or other deformable
materials inserted into second recess 18 that contact the inner surface of second recess 18.

[0084] Third subassembly 24 includes a plurality of parts that together can be easily
inserted attached to and removed from third recess 22 without disturbing the parts located in
other recesses. In an embodiment, third subassembly 24 couples the first subassembly 16 and
second subassembly 20, and the flowpaths through body 12, to a fluid driving mechanism, for
example, a pumping piston. In an embodiment, body 12 can be removed from third
subassembly 24 without moving third subassembly 24 (e.g., leaving third subassembly 24
attached to another component such as a fluid driving mechanism at an opposite end), and
without disturbing the first subassembly 16 and second subassembly 20.

[0085] In the illustrated embodiment, the fluid driving mechanism is a piston (not
shown), and third subassembly 24 includes a coupling 60 and a piston housing 62. In the
illustrated embodiment, an outer surface at a first end 60a of coupling 60 can be threaded into
corresponding threads 22a on an inner surface of third recess 22. An outer surface at a
second end 60b of coupling 60 can be threaded into corresponding threads on an inner
surface of a first end 62a of piston housing 62. Channel 60c through the center of coupling
60 permits liquid and/or gas flow between piston housing 62 and second connecting channel

30 when the piston within piston housing 62 is actuated.
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[0086] Piston housing 62 includes a central aperture 62a that is configured to receive
a piston (not shown) at second end 62b. In an embodiment, second end 62b of piston housing
62 may be attached to a mechanism for actuating the piston back and forth in the direction
between first end 62a and second end 62b. When the piston is actuated towards first end 62a
(and away from second end 62b), gas and/or fluid is pushed through channel 60c of coupling
60 to second connecting channel 30. When the piston is actuated towards second end 62b
(and away from first end 62a), gas and/or fluid is pulled through channel 60c of coupling 60
away from second connecting channel 30.

[0087] In use, the piston within piston housing 62 is used to pump fluid from the first
flowpath formed by first subassembly 16 through first recess 14 to the second flowpath
formed by second subassembly 20 through second recess 16. When the piston is actuated
towards second end 62b (and away from first end 62a), the vacuum force created by the
piston pulls fluid and/or gas through the first flowpath to first connecting channel 26, and
depending on the amount of fluid, also into second connecting channel 30 and/or channel
60c. The force of the fluid and/or gas also causes first plug 36 to compress first biasing
element 34 towards first biasing element retainer 32 (down in FIGS. 1 to 4, to the right in
FIGS. 5 and 6), which removes the fluid tight seal created by first plug 36 against indentation
40a of first valve seat 40, and allows the fluid and/or gas to pass from channel 40b of first
valve seat 40 to first connecting channel 26. When the piston stops and the pressure is
released, first biasing element 34 biases first plug 36 back towards indentation 40a to
reestablish the fluid tight seal and prevent fluid and/or gas from reentering channel 40b from
first connecting channel 26. The above may be referred to as the suction stroke of the piston.

[0088] Alternatively, the discharge stroke of the piston occurs when the piston is
actuated towards first end 62a (and away from second end 62b). The pressure created by the
discharge stroke pushes the fluid and/or gas pulled into first connecting channel 26 during the
suction stroke past the first connecting channel 26 and through the second flowpath formed
by second subassembly 20. When the fluid and/or gas is being pushed through the second
flowpath, the force of the fluid and/or gas causes second plug 48 to compress second biasing
element 50 towards second biasing element retainer 52 (down in FIGS. 1 to 4, to the right in
FIGS. 5 and 6), which removes the fluid tight seal created by second plug 48 against
indentation 44c¢ of second valve seat 44, and allows the fluid and/or gas to pass from channel

44b to channel 54b. When the piston stops and the pressure is released, second biasing
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element 50 biases second plug 48 back towards indentation 44c to reestablish the fluid tight
seal and prevent fluid and/or gas from reentering channel 44b from channel 54b.

[0089] By alternating between suction and discharge strokes, fluid and/or gas can be
effectively pumped from channel 70a of first inlet connection 70, through the first and second
flowpaths formed by the first and second subassemblies, to channel 76a of second outlet
connection 76. The two one-way check valves formed by first plug 36 and second plug 48
ensure that the fluid and/or gas is always routed in the correct direction from first inlet
connection 70 to second outlet connection 76, or in other words from a fluid inlet to a fluid
outlet.

[0090] Third subassembly 24 is advantageous, for example, because the piston or
other parts of the third subassembly can be replaced without disrupting other parts of
assembly 10. As illustrated, the piston does not extend into body 12 during the suction or
discharge strokes. The piston remains within piston housing 62, which is located entirely
outside of body 12. The piston can be replaced, for example, by detaching coupling 60 from
third recess 22, by detaching piston housing 62 from coupling 60, and/or by detaching body
12 from coupling 60 without moving coupling 60, piston housing 22 and/or the piston.

[0091] By screwing third subassembly 24 into third recess 22, there is no need to
attach third subassembly 24 the outer surface 28 of body 12 by other means, greatly
simplifying the attachment and removal of third subassembly 24 and therefore the piston and
piston housing 62 for maintenance. It should be understood, however, that other attachment
mechanisms can be used.

[0092] As set forth above, assembly 10 is advantageous, for example, because each of
the first subassembly 16, second subassembly 20 and third subassembly 24 can be separately
removable from body 12 so that the components thereof can be individually replaced.
Certain components of assembly 10 wear out more frequently and therefore require more
frequent replacement than other components, and constructing assembly 10 as described
herein allows a quick and easy replacement of just those components, decreasing the cost of
and time needed for maintenance.

[0093] In an example embodiment, each suction and discharge pump stroke can cause
a pressure between 0 and 60,000 psi through the first and/or second flowpaths.

[0094] In an embodiment formed with a plurality of check valve assemblies 10, each
check valve assembly 10 may include a physically separate body 12, ensuring that

maintenance of one body (or flowpaths therethrough) does not disrupt any components of
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another body (or flowpaths therethrough). The first, second and third subassembly of a first
body can each be removed independently of each other, and can also be removed
independently of the first, second and third subassemblies of a second, separate body.

[0095] In an embodiment, a method of repairing or maintaining a high pressure
processing device can include identifying a part that needs replacement and removing only
the subassembly needed for the part to replace the part. By unscrewing the necessary
subassembly for removal from the respective recess and screwing the necessary subassembly
back into the respective recess, the replacement part can be added without disrupting the
other elements of the high pressure processing device. And because each body is separate on
a design with multiple bodies, the first, second or third subassembly can be removed from
one body without disrupting any elements of flowpaths on a second body.

[0096] An advantage of assembly 10 is that the number of parts to create a double
check valve is significantly reduced. In an embodiment, first subassembly 16 only includes
one or more of first biasing element retainer 32, first biasing element 34, first plug 36, first
deformable material 38, first valve seat 40, and first subassembly gland 42 as shown and
described herein, without the need for any additional parts to be inserted into first recess 14.
In an embodiment, second subassembly 18 only includes one or more of a second valve seat
44, second deformable material 46, second plug 48, second biasing element 50, second
biasing element retainer 52, second channel member 54 and second subassembly gland 56 as
shown and described herein, without the need for any additional parts to be inserted into
second recess 18. The parts interface directly with each other as shown in the drawings
without the need for intermediate parts or additional parts such as gaskets, o-rings and/or
other deformable materials to seal the inner surfaces of the recesses.

[0097] It should be understood that various changes and modifications to the
presently preferred embodiments described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and scope of
the present subject matter and without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by the appended claims.

[0098] ADDITIONAL ASPECTS OF THE PRESENT DISCLOSURE

[0099] Aspects of the subject matter described herein may be useful alone or in
combination with any one or more of the other aspect described herein. In accordance with a
first aspect of the present disclosure, which may be used in combination with any other aspect

or combination of aspects listed herein, a high pressure processing device includes a body
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including a first surface having a first recess, a second surface having a second recess, and a
third surface having a third recess, a first subassembly at least partially inserted into the first
recess of the body, the first subassembly including a first check valve, a second subassembly
at least partially inserted into the second recess of the body, the second subassembly
including a second check valve, and a third subassembly at least partially inserted into the
third recess of the body, the third subassembly coupling the body to a fluid driving
mechanism, wherein the first subassembly, second subassembly and third subassembly are
configured to be independently attachable to and detachable from from the first recess,
second recess and third recess, respectively.

[00100] In accordance with a second aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
first check valve is a first ball valve, and the second check valve is a second ball valve.

[00101] In accordance with a third aspect of the present disclosure, which may
be used in combination with any other aspect or combination of aspects listed herein, an inner
surface of at least one of the first recess, second recess and third recess is threaded for
attachment of the first subassembly, second subassembly or third subassembly, respectively.

[00102] In accordance with a fourth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
first subassembly, second subassembly and third subassembly are configured to be threaded
into the body independently of each other.

[00103] In accordance with a fifth aspect of the present disclosure, which may
be used in combination with any other aspect or combination of aspects listed herein, the
fluid driving mechanism is a piston, the third subassembly includes a coupling and a piston
housing, and the coupling at least partially inserted into the third aperture to enable the piston
to move back and forth within the piston housing to impart a positive or negative pressure
through the third recess.

[00104] In accordance with a sixth aspect of the present disclosure, which may
be used in combination with any other aspect or combination of aspects listed herein, the
piston does not extend into the third recess when driving fluid through the first and second
recesses.

[00105] In accordance with a seventh aspect of the present disclosure, which

may be used in combination with any other aspect or combination of aspects listed herein, the
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first recess and the second recess are in fluid communication via a connecting channel formed
in the body.

[00106] In accordance with an eighth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
connecting channel has a smaller diameter than the first recess or the second recess.

[00107] In accordance with a ninth aspect of the present disclosure, which may
be used in combination with any other aspect or combination of aspects listed herein, the
connecting channel is a first connecting channel, and the third recess is in fluid
communication with the first and second recesses via a second connecting channel formed in
the body to be connected to the first connecting channel.

[00108] In accordance with a tenth aspect of the present disclosure, which may
be used in combination with any other aspect or combination of aspects listed herein, the
second connecting channel is perpendicular to the first connecting channel.

[00109] In accordance with an eleventh aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
first recess, the second recess and the third recess are all in fluid communication via at least
one connecting channel formed in the body.

[00110] In accordance with a twelfth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, at
least one of the first subassembly or the second subassembly includes a deformable material
that cooperates with a ball to form the check valve.

[00111] In accordance with a thirteenth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
deformable material is located within an indentation formed into a valve seat that receives the
ball.

[00112] In accordance with a fourteenth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
high pressure processing device does not include any gaskets, o-rings and/or other
deformable materials.

[00113] In accordance with a fifteenth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, at
least one of the first subassembly and the second subassembly does not include a gasket, o-

ring and/or other deformable material.
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[00114] In accordance with a sixteenth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
high pressure processing device does not include any gaskets, o-rings and/or other
deformable materials contacting an inner surface of at least one of the first recess or second
recess.

[00115] In accordance with a seventeenth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the high pressure processing device does not include any gaskets, o-rings and/or other
deformable materials contacting an inner surface of the third recess.

[00116] In accordance with an eighteenth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, a method of repairing the high pressure processing device includes removing one of
the first subassembly, second subassembly and third subassembly from the body
independently of the others of the first subassembly, second subassembly and third
subassembly, replacing a part of the removed first subassembly, second subassembly or third
subassembly, and reattaching the removed first subassembly, second subassembly or third
subassembly with the replacement part.

[00117] In accordance with a nineteenth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, a
method of producing a fluid dispersion includes passing a flowable material including
particles through the high pressure processing device.

[00118] In accordance with a twentieth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, a
method of reducing particle size includes passing a particle stream through the high pressure
processing device.

[00119] In accordance with a twenty-first aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, a high pressure processing device includes a body including a first surface having a
first recess and a second surface having a second recess, the second surface located opposite
to the first surface, a first subassembly inserted into the first recess of the body, the first
subassembly including a first plug configured to form a one-way valve in combination with a
first valve seat, and a second subassembly inserted into the second recess of the body, the

second subassembly including a second plug configured to form a one-way valve in
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combination with a second valve seat, wherein the first recess is fluidly connected to the
second recess by a connecting channel such that the first recess, second recess and connecting
channel form an aperture extending straight through the body from the first outer surface to
the opposite second outer surface.

[00120] In accordance with a twenty-second aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the first subassembly and the second subassembly are configured to be independently
attachable to and removable from the first recess and second recess, respectively.

[00121] In accordance with a twenty-third aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the high pressure processing device includes a third subassembly inserted into a third
recess on a third outer surface of the body, the third subassembly coupling the body to a fluid
driving mechanism.

[00122] In accordance with a twenty-fourth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the third outer surface is approximately perpendicular to the first surface and the
second surface.

[00123] In accordance with a twenty-fifth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the connecting channel is a first connecting channel, and the third recess is fluidly
connected to the first recess and the second recess by a second connecting channel connected
to the first connecting channel.

[00124] In accordance with a twenty-sixth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the first subassembly includes a first gland configured to be threaded into threads on
an inner surface of the first recess, and the second subassembly includes a second gland
configured to be threaded into threads on an inner surface of the second recess.

[00125] In accordance with a twenty-seventh aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the first subassembly includes one or more of a first biasing element retainer, a first
biasing element, a first plug, a first deformable material, a first valve seat and a first

subassembly gland.

21



WO 2018/136410 PCT/US2018/013850

[00126] In accordance with a twenty-eighth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the first subassembly consists of one or more of a first biasing element retainer, a first
biasing element, a first plug, a first deformable material, a first valve seat and a first
subassembly gland.

[00127] In accordance with a twenty-ninth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the second subassembly includes one or more of a second valve seat, a second
deformable material, a second plug, a second biasing element, a second biasing element
retainer, a second channel member and a second subassembly gland.

[00128] In accordance with a thirtieth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
second subassembly consists of one or more of a second valve seat, a second deformable
material, a second plug, a second biasing element, a second biasing element retainer, a second
channel member and a second subassembly gland.

[00129] In accordance with a thirty-first aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, a
method of repairing the high pressure processing device includes removing one of the first
subassembly and second subassembly from the body independently of the other of the first
subassembly and second subassembly, replacing a part of the removed first subassembly or
second subassembly, and reattaching the removed first subassembly or second subassembly
with the replacement part.

[00130] In accordance with a thirty-second aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, a method of producing a fluid dispersion includes passing a flowable material
including particles through the high pressure processing device.

[00131] In accordance with a thirty-third aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, a method of reducing particle size includes passing a particle stream through the high
pressure processing device.

[00132] In accordance with a thirty-fourth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed

herein, a high pressure processing device includes a body including a fluid flowpath
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extending therethrough, a coupling including a first end, a second end and a channel
extending from the first end to the second end, the first end of the coupling threading to
threads on an inner surface of a recess formed in the body, a piston housing removably
attachable to the second end of the coupling, the piston housing including an inner
compartment placed in fluid communication with the recess of the body by the channel of the
coupling, and a piston actuatable within the inner compartment of the piston housing,
wherein actuating the piston back and forth within the inner compartment of the piston
housing causes fluid to flow through the fluid flowpath of the body.

[00133] In accordance with a thirty-fifth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
piston does not extend into the body when actuating back and forth to cause fluid to flow
through the fluid flowpath of the body.

[00134] In accordance with a thirty-sixth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the coupling is attached to the body only by threading the first end of the coupling
inside the recess.

[00135] In accordance with a thirty-seventh aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the fluid flowpath extends from a first outer surface of the body to a second outer
surface of the body, and the recess is located in a third outer surface of the body different
from the first and second surfaces.

[00136] In accordance with a thirty-eighth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the fluid flowpath extends parallel to an outer surface of the body including the
recess.

[00137] In accordance with a thirty-ninth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the high pressure processing device includes a first subassembly at least partially
inserted into a different recess in the body, the first subassembly including a first check valve
and forming at least part of the fluid flowpath.

[00138] In accordance with a fortieth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the

high pressure processing device includes a second subassembly at least partially inserted into
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a second different recess in the body, the second subassembly including a second check valve
and forming at least part of the fluid flowpath.

[00139] In accordance with a forty-first aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
first subassembly, second subassembly and third subassembly are configured to be
independently attachable to and removable from the body.

[00140] In accordance with a forty-second aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, a method of producing a fluid dispersion includes passing a flowable material
including particles through the high pressure processing device.

[00141] In accordance with a forty-third aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, a
method of reducing particle size includes passing a particle stream through the high pressure
processing device.

[00142] In accordance with a forty-fourth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, a high pressure processing device includes a first check valve assembly, the first
check valve assembly including a first body including a first recess, a second recess, and a
third recess, a first subassembly including a first check valve, the first subassembly inserted
at least partially into the first recess of the first body, a second subassembly including a
second check valve, the second subassembly inserted at least partially into the second recess
of the first body, and a third subassembly coupling the body to a fluid driving mechanism, the
third subassembly inserted at least partially into the third recess of the first body, and a
second check valve assembly, the second check valve assembly including a second body
including a first recess, a second recess, and a third recess, a first subassembly including a
first check valve, the first subassembly inserted at least partially into the first recess of the
second body, a second subassembly including a second check valve, the second subassembly
inserted at least partially into the second recess of the second body, and a third subassembly
coupling the body to a fluid driving mechanism, the third subassembly inserted at least
partially into the third recess of the second body, wherein the first body and the second body
are physically separate bodies, and the first, second and third subassemblies attached to one
of the first and second bodies can be serviced without disrupting the other of the first and

second bodies.
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[00143] In accordance with a forty-fifth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, a
method of producing a fluid dispersion includes passing a flowable material including
particles through the high pressure processing device.

[00144] In accordance with a forty-sixth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, a
method of reducing particle size includes passing a particle stream through the high pressure
processing device.

[00145] In accordance with a forty-seventh aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, a method of repairing a high pressure processing device including a body, a first
subassembly including a first check valve, a second subassembly including a second check
valve, and a third subassembly coupling the body to a fluid driving mechanism, includes
removing one of the first subassembly, second subassembly and third subassembly from the
body independently of the others of the first subassembly, second subassembly and third
subassembly, replacing a part of the removed first subassembly, second subassembly or third
subassembly, and reattaching the removed first subassembly, second subassembly or third
subassembly with the replacement part.

[00146] In accordance with a forty-eighth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, removing one of the first subassembly, second subassembly and third subassembly
from the body includes unthreading the one of the first subassembly, second subassembly and
third subassembly from an inner surface of a recess of the body.

[00147] In accordance with a forty-ninth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein,
reattaching the removed first subassembly, second subassembly or third subassembly with the
replacement part includes threading the removed first subassembly, second subassembly or
third subassembly to an inner surface of a recess of the body.

[00148] In accordance with a fiftieth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein, the
method includes removing the first subassembly from the body independently of the second
subassembly and the third subassembly, and replacing a part of the first subassembly includes

replacing one or more of a first biasing element retainer, a first biasing element, a first plug, a
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first deformable material, a first valve seat and a first subassembly gland of the first
subassembly.

[00149] In accordance with a fifty-first aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein,
removing the first assembly includes unthreading the first subassembly gland of the first
subassembly from an inner surface of a recess of the body.

[00150] In accordance with a fifty-second aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the method includes removing the second subassembly from the body independently
of the first subassembly and the third subassembly, and replacing a part of the second
subassembly includes replacing one or more of a second valve seat, a second deformable
material, a second plug, a second biasing element, a second biasing element retainer, a second
channel member and a second subassembly gland of the second subassembly.

[00151] In accordance with a fifty-third aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein,
removing the second assembly includes unthreading the second subassembly gland of the
second subassembly from an inner surface of a recess of the body.

[00152] In accordance with a fifty-fourth aspect of the present disclosure,
which may be used in combination with any other aspect or combination of aspects listed
herein, the method includes removing the third subassembly from the body independently of
the first subassembly and the second subassembly, and replacing a part of the third
subassembly includes replacing one or more of a piston, a piston housing and a coupling of
the second assembly.

[00153] In accordance with a fifty-fifth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein,
removing the third subassembly includes unthreading the coupling of the third subassembly
from an inner surface of a recess of the body.

[00154] In accordance with a fifty-sixth aspect of the present disclosure, which
may be used in combination with any other aspect or combination of aspects listed herein,
removing the third subassembly includes unthreading the body from the third subassembly

while leaving the third subassembly attached to a fluid driving mechanism at an opposite end.
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CLAIMS

We claim:

1. A high pressure processing device comprising:

a body including a first surface having a first recess, a second surface having a second
recess, and a third surface having a third recess;

a first subassembly at least partially inserted into the first recess of the body, the first
subassembly including a first check valve;

a second subassembly at least partially inserted into the second recess of the body, the
second subassembly including a second check valve; and

a third subassembly at least partially inserted into the third recess of the body, the
third subassembly coupling the body to a fluid driving mechanism,

wherein the first subassembly, second subassembly and third subassembly are
configured to be independently attachable to and detachable from from the first recess,

second recess and third recess, respectively.

2. The high pressure processing device of Claim 1, wherein the first check valve

is a first ball valve, and wherein the second check valve is a second ball valve.

3. The high pressure processing device of Claims 1 or 2, wherein an inner
surface of at least one of the first recess, second recess and third recess is threaded for

attachment of the first subassembly, second subassembly or third subassembly, respectively.

4. The high pressure processing device of any of Claims 1 to 3, wherein the first
subassembly, second subassembly and third subassembly are configured to be threaded into

the body independently of each other.

5. The high pressure processing device of any of Claims 1 to 4, wherein the fluid
driving mechanism is a piston, wherein the third subassembly includes a coupling and a
piston housing, and wherein the coupling at least partially inserted into the third aperture to
enable the piston to move back and forth within the piston housing to impart a positive or

negative pressure through the third recess.
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6. The high pressure processing device of Claim 5, wherein the piston does not

extend into the third recess when driving fluid through the first and second recesses.

7. The high pressure processing device of any of Claims 1 to 6, wherein the first
recess and the second recess are in fluid communication via a connecting channel formed in

the body.

8. The high pressure processing device of Claim 7, wherein the connecting

channel has a smaller diameter than the first recess or the second recess.

9. The high pressure processing device of Claim 7, wherein the connecting
channel is a first connecting channel, and wherein the third recess is in fluid communication
with the first and second recesses via a second connecting channel formed in the body to be

connected to the first connecting channel.

10. The high pressure processing device of Claim 9, wherein the second

connecting channel is perpendicular to the first connecting channel.

11. The high pressure processing device of any of Claims 1 to 10, wherein the first
recess, the second recess and the third recess are all in fluid communication via at least one

connecting channel formed in the body.
12. The high pressure processing device of any of Claims 1 to 11, wherein at least
one of the first subassembly or the second subassembly includes a deformable material that

cooperates with a ball to form the check valve.

13. The high pressure processing device of Claim 12, wherein the deformable

material is located within an indentation formed into a valve seat that receives the ball.

14. The high pressure processing device of any of Claims 1 to 13, which does not

include any gaskets, o-rings and/or other deformable materials.
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15. The high pressure processing device of any of Claims 1 to 14, wherein at least
one of the first subassembly and the second subassembly does not include a gasket, o-ring

and/or other deformable material.

16. The high pressure processing device of any of Claims 1 to 15, which does not
include any gaskets, o-rings and/or other deformable materials contacting an inner surface of

at least one of the first recess or second recess.

17. The high pressure processing device of any of Claims 1 to 16, which does not
include any gaskets, o-rings and/or other deformable materials contacting an inner surface of

the third recess.

18. A method of repairing the high pressure processing device of any of Claims 1
to 17, comprising:

removing one of the first subassembly, second subassembly and third subassembly
from the body independently of the others of the first subassembly, second subassembly and
third subassembly;

replacing a part of the removed first subassembly, second subassembly or third
subassembly; and

reattaching the removed first subassembly, second subassembly or third subassembly

with the replacement part.

19. A method of producing a fluid dispersion, comprising:
passing a flowable material including particles through the device of any of Claims 1

to 17.

20. A method of reducing particle size, comprising:

passing a particle stream through the device of any of Claims 1 to 17.
21. A high pressure processing device comprising:

a body including a first surface having a first recess and a second surface having a

second recess, the second surface located opposite to the first surface;
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a first subassembly inserted into the first recess of the body, the first subassembly
including a first plug configured to form a one-way valve in combination with a first valve
seat; and

a second subassembly inserted into the second recess of the body, the second
subassembly including a second plug configured to form a one-way valve in combination
with a second valve seat,

wherein the first recess is fluidly connected to the second recess by a connecting
channel such that the first recess, second recess and connecting channel form an aperture
extending straight through the body from the first outer surface to the opposite second outer

surface.

22. The high pressure processing device of Claim 21, wherein the first
subassembly and the second subassembly are configured to be independently attachable to

and removable from the first recess and second recess, respectively.

23. The high pressure processing device of Claims 21 or 22, which includes a
third subassembly inserted into a third recess on a third outer surface of the body, the third

subassembly coupling the body to a fluid driving mechanism.

24, The high pressure processing device of Claim 23, wherein the third outer

surface is approximately perpendicular to the first surface and the second surface.

25. The high pressure processing device of Claim 23, wherein the connecting
channel is a first connecting channel, and wherein the third recess is fluidly connected to the
first recess and the second recess by a second connecting channel connected to the first

connecting channel.

26. The high pressure processing device of any of Claims 21 to 25, wherein the
first subassembly includes a first gland configured to be threaded into threads on an inner
surface of the first recess, and the second subassembly includes a second gland configured to

be threaded into threads on an inner surface of the second recess.

27. The high pressure processing device of any of Claims 21 to 26, wherein the

first subassembly includes one or more of a first biasing element retainer, a first biasing
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element, a first plug, a first deformable material, a first valve seat and a first subassembly

gland.

28. The high pressure processing device of any of Claims 21 to 27, wherein the
first subassembly consists of one or more of a first biasing element retainer, a first biasing
element, a first plug, a first deformable material, a first valve seat and a first subassembly

gland.

29. The high pressure processing device of any of Claims 21 to 28, wherein the
second subassembly includes one or more of a second valve seat, a second deformable
material, a second plug, a second biasing element, a second biasing element retainer, a second

channel member and a second subassembly gland.

30. The high pressure processing device of any of Claims 21 to 29, wherein the
second subassembly consists of one or more of a second valve seat, a second deformable
material, a second plug, a second biasing element, a second biasing element retainer, a second

channel member and a second subassembly gland.

31. A method of repairing the high pressure processing device of any of Claims 21
to 30, comprising:

removing one of the first subassembly and second subassembly from the body
independently of the other of the first subassembly and second subassembly;

replacing a part of the removed first subassembly or second subassembly; and

reattaching the removed first subassembly or second subassembly with the

replacement part.

32. A method of producing a fluid dispersion, comprising:

passing a flowable material including particles through the device of Claims 21 to 30.

33. A method of reducing particle size, comprising:

passing a particle stream through the device of any of Claims 21 to 30.

34. A high pressure processing device comprising:

a body including a fluid flowpath extending therethrough;
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a coupling including a first end, a second end and a channel extending from the first
end to the second end, the first end of the coupling threading to threads on an inner surface of
a recess formed in the body;

a piston housing removably attachable to the second end of the coupling, the piston
housing including an inner compartment placed in fluid communication with the recess of the
body by the channel of the coupling; and

a piston actuatable within the inner compartment of the piston housing, wherein
actuating the piston back and forth within the inner compartment of the piston housing causes

fluid to flow through the fluid flowpath of the body.

35. The high pressure processing device of Claim 34, wherein the piston does not
extend into the body when actuating back and forth to cause fluid to flow through the fluid
flowpath of the body.

36. The high pressure processing device of Claims 34 or 35, wherein the coupling

is attached to the body only by threading the first end of the coupling inside the recess.

37. The high pressure processing device of any of Claims 34 to 36, wherein the
fluid flowpath extends from a first outer surface of the body to a second outer surface of the
body, and wherein the recess is located in a third outer surface of the body different from the

first and second surfaces.

38. The high pressure processing device of any of Claims 34 to 37, wherein the

fluid flowpath extends parallel to an outer surface of the body including the recess.

39. The high pressure processing device of any of Claims 34 to 38, which includes
a first subassembly at least partially inserted into a different recess in the body, the first

subassembly including a first check valve and forming at least part of the fluid flowpath.

40. The high pressure processing device of Claim 39, which includes a second
subassembly at least partially inserted into a second different recess in the body, the second

subassembly including a second check valve and forming at least part of the fluid flowpath.
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41. The high pressure processing device of Claim 40, wherein the first
subassembly, second subassembly and third subassembly are configured to be independently

attachable to and removable from the body.

42. A method of producing a fluid dispersion, comprising:

passing a flowable material including particles through the device of Claims 34 to 41.

43. A method of reducing particle size, comprising:

passing a particle stream through the device of any of Claims 34 to 41.

44. A high pressure processing device comprising:

a first check valve assembly, the first check valve assembly including a first body
including a first recess, a second recess, and a third recess, a first subassembly including a
first check valve, the first subassembly inserted at least partially into the first recess of the
first body, a second subassembly including a second check valve, the second subassembly
inserted at least partially into the second recess of the first body, and a third subassembly
coupling the body to a fluid driving mechanism, the third subassembly inserted at least
partially into the third recess of the first body; and

a second check valve assembly, the second check valve assembly including a second
body including a first recess, a second recess, and a third recess, a first subassembly including
a first check valve, the first subassembly inserted at least partially into the first recess of the
second body, a second subassembly including a second check valve, the second subassembly
inserted at least partially into the second recess of the second body, and a third subassembly
coupling the body to a fluid driving mechanism, the third subassembly inserted at least
partially into the third recess of the second body,

wherein the first body and the second body are physically separate bodies, and the
first, second and third subassemblies attached to one of the first and second bodies can be

serviced without disrupting the other of the first and second bodies.

45. A method of producing a fluid dispersion, comprising:

passing a flowable material including particles through the device of Claim 44.

46. A method of reducing particle size, comprising:
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passing a particle stream through the device of Claim 44.

47. A method of repairing a high pressure processing device including a body, a
first subassembly including a first check valve, a second subassembly including a second
check valve, and a third subassembly coupling the body to a fluid driving mechanism, the
method comprising:

removing one of the first subassembly, second subassembly and third subassembly
from the body independently of the others of the first subassembly, second subassembly and
third subassembly;

replacing a part of the removed first subassembly, second subassembly or third
subassembly; and

reattaching the removed first subassembly, second subassembly or third subassembly

with the replacement part.

48. The method of Claim 47, wherein removing one of the first subassembly,
second subassembly and third subassembly from the body includes unthreading the one of the
first subassembly, second subassembly and third subassembly from an inner surface of a

recess of the body.

49. The method of Claims 47 or 48, wherein reattaching the removed first
subassembly, second subassembly or third subassembly with the replacement part includes
threading the removed first subassembly, second subassembly or third subassembly to an

inner surface of a recess of the body.

50. The method of any of Claims 47 to 49, which includes removing the first
subassembly from the body independently of the second subassembly and the third
subassembly, and wherein replacing a part of the first subassembly includes replacing one or
more of a first biasing element retainer, a first biasing element, a first plug, a first deformable

material, a first valve seat and a first subassembly gland of the first subassembly.

51. The method of Claim 50, wherein removing the first assembly includes
unthreading the first subassembly gland of the first subassembly from an inner surface of a

recess of the body.

34



WO 2018/136410 PCT/US2018/013850

52. The method of any of Claims 47 to 51, which includes removing the second
subassembly from the body independently of the first subassembly and the third
subassembly, and wherein replacing a part of the second subassembly includes replacing one
or more of a second valve seat, a second deformable material, a second plug, a second biasing
element, a second biasing element retainer, a second channel member and a second

subassembly gland of the second subassembly.

53. The method of Claim 52, wherein removing the second assembly includes
unthreading the second subassembly gland of the second subassembly from an inner surface

of a recess of the body.

54. The method of any of Claims 47 to 53, which includes removing the third
subassembly from the body independently of the first subassembly and the second
subassembly, and wherein replacing a part of the third subassembly includes replacing one or

more of a piston, a piston housing and a coupling of the second assembly.

55. The method of Claim 54 wherein removing the third subassembly includes
unthreading the coupling of the third subassembly from an inner surface of a recess of the

body.

56. The method of any of Claims 47 to 53, wherein removing the third
subassembly includes unthreading the body from the third subassembly while leaving the

third subassembly attached to a fluid driving mechanism at an opposite end.
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Group [V: claims 44-46: drawn to a high pressure processing device including first and second check valve assemblies having first and
second bodies that are physically separate bodies.

The inventions listed as Groups |-1V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:
Group | requires wherein the first subassembly, second subassembly and third subassembly are configured to be independently
attachable to and detachable from from the first recess, second recess and third recess, respectively, not found in the other groups.

Group |l requires wherein the first recess is fluidly connected to the second recess by a connecting channel such that the first recess,
second recess and connecting channel form an aperture extending straight through the body from the first outer surface to the opposite
second outer surface, not found in the other groups.

Group Il requires a body including a fluid flowpath extending therethrough; a coupling including a first end, a second end and a channel
extending from the first end to the second end, the first end of the coupling threading to-threads on an inner surface of a recess formed
in the body; a piston housing removably attachable to the second end of the coupling, the piston housing including an inner
compartment placed in fluid communication with the recess of the body by the channel of the coupling; and a piston actuatable within the
inner compartment of the piston housing, wherein actuating the piston back and forth within the inner compartment of the piston housing
causes fluid to flow through the fluid flowpath of the body, not found in the other groups.

Group IV requires a first check valve assembly including a first body, a second check valve assembly including a second body and
wherein the first body and the second body are physically separate bodies, and the first, second and third subassemblies attached to
one of the first and second bodies can be serviced without disrupting the other of the first and second bodies, not found in the other
groups.

Shared Features:
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a body with a recess.

The only additional technical features shared by Groups |, li and IV that would otherwise umfy the groups are first through third sub-
assemblies fiber amplifier.

Further, the only additional technical features shared by Groups | and IV that would otherwise unify the groups are first and second
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disclosed by US 2014/0202406 A1 to Hitachi Automotive Systems, LTD. (hereinafter ‘Hitachi') 24 July 2014 (24.07.2014), which
discloses a high pressure processing device (para [0059] -a plunger 27 vertically slidably formed within a lower section of body 24,
constituting a reservoir chamber 26 within an inside of an integrally formed partitioning wall 25 at a lower section of plunger 27; a high
pressure chamber 28 communicated with reservoir chamber 26 via a communication hole 25a penetrated and formed within partitioning
wall 25; and a check valve 29 allowing a flow-in only through the direction of high pressure chamber 28.}, which includes a body having
first through third sub-assemblies, a recess and first and second check valves (para [0060], [0061) [0066), [0098] -Body 24 is formed
with a cylindrical first recess groove 24a on an outer peripheral surface of body 24 and a first passage hole 31 is penetrated in a radial
direction communicating between oil passage 30 opened to first recess groove 24a and the inside of cylinder head 1. -In addition, each
body 24 of first and second hydraulic pressure lash adjusters 10a, 10b (F, R side) and fourth hydraulic pressure lash adjuster 10d (R
side) of second cylinder #2 are extended in a lower direction than bottom section 24c of body 24 of third hydraulic pressure lash adjuster
10c (F side) at second cylinder side #2 in which the valve stop mechanism shown in FIG. 6 is not installed and formed in a substantially
column shape. -Each check valve 29 includes: a check ball 29a open or closing a lower part opening edge (sheet) of a communication
hole 25a; -That is to say, as shown in FIG. 8, the lift quantities of respective intake valves 3a, 3b are varied in a range from a minimum
L1 to a maximum L4 in a case where corresponding respective hydraulic pressure lash adjusters 10a, 10b, 10d are locked to cylinder
head 1 without lost motion by means of second and first valve stop mechanisms 11a, 11b, 11¢ not to perform the valve stop. ).

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Groups I-IV therefore lack unity under PCT Rule 13.

Note: Claims 4-20, 26-33, 37-43 and 50-56 are determined to be unsearchable because they are dependent claims and are not drafted
in accordance with the second and third sentences of Rule 6.4(a) and are, therefore, not included in any claim group.
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