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FIG. 1

comprising a rib. The rib may be configured to generate vortices to keep the filtered
particles in suspension and to provide a flow path extending from the first opening to
the second opening. The filtration device may filter particle from the fluid by cross-
flow filtration along the flow path across a filter media surrounding at least a portion
of the circumference of the vortical filter. The filtration device may be effective at fil-
ters greater than 90% of microplastics by mass when post-filtered to 10 microns when
measured using the method of either of Example 1 or Example 2. The filtration device
may be effective at filtering particles from the fluid at high flow speeds, such as flow
speeds greater than 50 cm/sec or greater than 100 cm/sec.

= @rm vice includes a first opening, a second opening, and a vortical filter, the vortical filter
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VORTICAL CROSS-FLOW FILTRATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

{1} This application is related to U.S. Provisional Application No.
63/318,043 filed on March 9, 2022, U.S. Provisional Application No. 63/328,011 filed
ot April &, 2022, U.S. Provisional Application No. 63/370,043 filed on August 1,
2022, U.S. Provisional Application No. 63/378,445, filed Oclober 5, 2022, and U.S.
Provisional Application No. 83/383,389, filed November 11, 2022, the contents of

which are herein incorporated by reference in their entireties.

BACKGROUND

Technical Field

2] Embodiments discussed herein generally relate 1o systems and
methods for filtering a fluid using a vortical filter. Some embodimeants may include
filter systems and methods having a tapered-helical coil and filter media. Some
embodiments of the tapered-helical coll may be configured (o generate vortices 1o
maintain solids to be filtered in suspeansion while promoting the flow of the solids
along a flow path toward a collection region.

Description of Related Art

{3 Filtration is generally a process that includes a separation of one
substance from ancther. Mechanical filtration separates a subsiance, such as
suspended solids or molecules, from anather substance, such as a fluid (e.q., liquid
or gas). Chemical filtration separates one substance from another by chemical
means, such as chemical bonding or precipitation. Mechanica! filtering of solids {e.q.,
particles) from fluid can include passing the fluid containing the solids through or
otherwise interacting with a filter media, such as a mesh or membrane, which

coliects the solids being filtered out while allowing the filtered fluid 10 pass through. In
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dead-end filtration, the flow of the fluid 1o be filtered is generally perpendicular {0 the
filter media, whereas in cross-flow filtration, the flow of the fluid to be filtered is
substantially parailel to the filter media. Over time, the filter media in both of these
filtration methods tends to clog with filtered solids, reducing the effectiveness of the
filier, increasing the pressure drop across the filter media, and requiring more energy
for filtering. Eventually filtration will cease to be effeclive, especially in dead-end
filtration because the filtered solids block the flow of the fluid.

{41 Vortical cross-flow filtration is a method involving aspects of both
dead-end and cross-flow filtration, such as that described in Sanderson et al., “Fish
mouths as engineering structures for vortical cross-step filtration,” Nature
Communications {2018) and Brooks et al., "Physical modeling of vortical cross-step
flow in the American paddlefish, Polyodon spathula,” PLOS One (2018). Howsver,
current vortical cross-flow filtration devices still face significant performance
Hmitations, including residus build-up, lack of a cleaning method of the filter media
and device, lack of residue collection method, inability to effectively filter solids and
microsoclids at high flow rates or high flow speeds of the fiuid, and inability to
consistently and robustly capture a broad range of particles, especially small
particles. Thus, there remains a neead for improvements in systems and methods

using vortical cross-flow filtration.

SUMMARY
5] Embodiments of the present disclosure may include technological
improvements to one or more technical problems in prior filtration systems. Various
ambodiments described herain may provide systems and methods for improved,
more efficient, or more effective filtering of materials, such as solids, from fluids. In

some embodiments, a vortical filter provides for improved vortical cross-flow
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filtration. In one or more of the following embodiments, the vortical filter described
herein has a tapered-helical configuration. According 1o some embodiments, the
vortical filter may have a tapered configuration, such as a tapered-halical
configuration. The vortical filter may comprise a conical shaped filter. In some
embodiments, the vortical Tilter comprises a tapered coil that has both a helical
configuration and a conical shape. In some embodiments, the vortical filter
comprises a tapered-halical coil.

i8] According to an aspect of this disclosure, according to some
embodiments, a filtration device may inciude a first opening and a second opening;
and a vortical filter for receiving a fluid extending away from the first opening towards
the second opening, the vortical filter being configured {0 generate vortices in the
received fluid entering the vortical filter via the first opening and being configured
such that filtered fluid exits the side of the vortical filter through a filter media
surrounding at least a portion of the circumferance of the vortical filter betwaen the
first opening and the second opening, wherein filtered particles substantially exit the
voriical filter al the second opening. In some embodiments, the vortical filter
comprises a taperad-helical coil.

7] According to some embodimaeants, the vortical filter comprises at
least one rib extending continuously from the first opening o the second opening.
According to some embodimenis, the at least one rib forms a flow path configured to
guide filtered particles suspendead in the vortices along a flow path to the second
opening. According o some embodiments, the flow path is substantially continuous
from the first opening to the second opening. According to some embodiments, the
flow path is configured so as o not inhibit the flow of filtered materials, including

particles, along the flow path towards the second opening. According 1o some
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embodiments, the at least one rib spirais from the first opening 1o the second
opening with a decreasing radius. According to some embodiments, the rib includes
at least one ridge substantially adjacent o the filter media. According to some
embodiments, the rib includes a plurality of ridges substantially adjacent to the filter
media. According to some embodiments, the one or more ridges is configured {o
maintain vortices in the fluid. According {0 some embodiments, the one or more
ridges is configured to facilitate travel of filered materials, such as particles, along
the flow path towards the second opening. According to some embodiments, the first
opening has a cross-sectional area greaier than the cross-sectional area of the
second opening. According to some embaodiments, the vortical filter is substantially
cone-shaped. According 1o some embodiments, the filter media comprises a porous
material configured to block solids suspended in the fluid from passing through the
filter media.

8] According to some embodiments, the filtration device further
comprises a collection unit arranged at the second opening, the collection unit
configured to collect solids filiered from the fluid. According {o some embodiments,
the collection unit comprises a removeable collection unit configurad o be fastened
to the filtration device via a fastening machanism. According to some embodiments,
the collection untt comprises a dead-end filter comprising a coliection unit filter media
configured to trap materials, including solids, filtered from the fluid, and a collection
unit outlet configured to allow the fluid to flow therethrough. According to some
embodiments, the collection unit is a second-stage filtration device.

i8] According to some embodiments, the filtration device is configured
to collect at least 70% of the filtered particles (&.g., microplastics) filtered from the

fluid at the collection unit. According to some embodiments, the filtration device is
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configured to collect at least 75% of the filtered particles {e.g., microplastics) filtered
from the fluid at the collection unit. According to some embodiments, the filtration
device is configured to collect at least 80% of the fillerad particles (e.g.,
microplastics) filtered from the fluid at the collection unit. According to some
embodiments, the filtration device is configured to collect at least 85% of the filtered
particles {e.g., microplastics) filtered from the fluid at the coliection unit. According to
some embodiments, the filtration device is configured o collect at least 90% of the
filtered particles (e.g., microplastics) filtered from the fluid at the collection unit.
According to some embodimenis, the filtration device s configured 1o collect at least
91% of the filtered particles (e.g., microplastics) filtered from the fluid at the collection
unit. According to some embodimeants, the filtration device is configured to collect at
least 92% of the filtered particles (e.g., microplastics) filtered from the fluid at the
collection unit. According to some embodiments, the filtration device is configured {o
coliect at least 3% of the filered particles (g.q., micropiastics) filtered from the fluid
at the collection unit. According 1o some embaodiments, the filtration device is
configured to collect at least 94% of the filtered particles {e.¢., microplastics) filtered
from the fluid at the collection unit. According to some embodiments, the filtration
device is configured to collect at least 85% of the filtered particles {(e.q.,
microplastics) filtered from the fluid at the collection unit. According to some
embodiments, the filtration device is configured to collect at least 86% of the filtered
particles (e.g., microplastics) filtered from the fluid at the collection unit. According to
some embodiments, the filtration device is configured to collect at least 87% of the
filtered particles {e.g., microplastics) filtered from the fluid at the collection unit.
According to some embodiments, the filtration device is configured o collect at least

898% of the fillered particles {(e.g., microplastics) filtered from the fluid at the collection

(&}
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unit.

{103 According to some embodiments, the filtration device is configured
such that at least 70% of the filterad particles (e.q., microplastics) exit the vortical
filter at the second opening. According to some embodiments, the filtration device is
configured such that at least 75% of the filtered particles (e.g., microplastics) exit the
vortical filter at the second opening. According to some embodiments, the filtration
device is configured such that at least 80% of the filtered particles (g.g.,
microplastics) exit the vortical filter at the second opening. According to some
embodiments, the filtration device is configured such that at least 85% of the filtered
particles (e.¢., microplastics) exit the vortical filter at the second opening. According
to some embodimeants, the filtration device is configured such that at least 80% of the
filtered particles {e.g., microplastics) exit the vortical filter at the second opening.
According to some embodiments, the Tiltration device is configured such that at least
91% of the filtered particles {e.g., microplastics) exit the vortical filter at the second
opening. According to some embodiments, the filtration device is configured such
that at ieast 92% of the filtered particles {e.g., microplastics) exit the vortical filter at
the second opening. According to some embodiments, the filtration device is
configured such that at least 83% of the filtered particles (e.g., microplastics) exit the
vortical filter at the second opening. According to some embodiments, the filtration
device is configured such that at least 94% of the filiered particles {e.g.,
microplastics) exit the vortical filter at the second opening. According to some
embodiments, the filtration device is configured such that al least 95% of the filtered
particles (e.g., microplastics) exit the vortical filter at the second apening. According
to some embodiments, the filtration device is configured such that al least 96% of the

filtered particles (&.g., microplastics) exit the vortical filter at the second opening.
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According to some embodimenis, the filtration device s configured such that at least
97% of the filtered particles {(e.g., microplastics) exit the vortical filter at the second
opening. According {0 some embodiments, the filtration davice is configurad such
that at least 98% of the fillered particles (a.g., microplastics) exit the vortical filter at
the second opening.

{11} According to some embodiments, the vortical filter has a raker
reduction ratio B/a in a range betwean about 0.1 and 10.0 including the end points.
According {o some embodiments, the vortical filter has a raker reduction ratio Bfa in
a range between about 1.0 and 10.0 including the end points. According to some
ambodiments, the vortical filter has a raker reduction ratio 8/a in a range between
about 1.0 and 6.0 including the end points. According to some embodiments, the
vortical filter has a raker reduction ratio /o in a range between about 20 and 5.0
including the end points. According io some embodiments, the vortical filter has a
raker reduction ratio Bfa in a range betweaen about 3.0 and 4.0 including the end
oleligin:

{12} According to some embodiments, the vortical filter is configured
such that the at least one rib having a rib width, the at least one rib having a rib
hieight, the tapered having a slot height between adjacent revolutions of the at least
one rib, the vortical filter having a helix height, the vortical filter having a helix pitch,
and the slot height, rib width, rib height, helix height, and helix pilch being configured
o create a rib overlap configured o generate vortices along a particle flow path to
guide particles-{o-pe-filterad from tha fluid along the rib toward the second opening.

13} According to some embodiments, the vortical filter is configured to
provide a cross-flow filtration area across the filter media. According to some

embodiments, the vortical filler has a variable pitch.
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{14} According to some embodiments, the fluid is a liguid. According to
some embodiments, the fluid is a gas. According to some embodiments, the fluid
comprises water, such as a washing machine discharge fluid or a biclogicai fluid,
such as blood.

{15} According to some embodiments, the filtration device further
comprises a housing, wherein the filter media is infegrated into the housing.

18] According to somea embodiments, the filtration device further
comprises a housing configured to contain the vortical filter, wherein the filter media
is fastened between the housing and the vortical filier,

{17} According to some embodiments, the filtration device further
comprises a gasket configured o seal the vortical filter against the filter media

18] According to some embodiments, the filtration device further
comprises an enclosure including an inlet opening configured to guide the fluid to the
first opening, and an outlet opening configured to guide filtered fluid out of the
enclosure; and a particie collection member configured o collect particies filtered
from the fluid, the particle collection member being removable from the enclosure.
According to some embodiments, the particle collection member is configurad to be
removed from the enclosure in a manner such that fluid remains in the enclosure
when the particle collection member is removed,

{19} According to some embodiments, the filtration device further
comprises a scraping mechanism configured 1o clean the vortical filter and the filter
media,

{201 According to some embodiments, the filtration device is configured
to filter discharge fluid from a washing machine. According to some embodiments,

the filtration device is configured 1o filter microplastics from said discharge fluid.
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According to some embodimenis, the filtration device is configured to filter at least
75% of the microplastics from the discharge fiuid after the washing machine
completes four or more loads of laundry. According to some embodiments, the

filtration device is configured to filter at least 80%, 85%, 90%, 91%, 92%, 93%, 94%

b b b

95%, 96%, 97%, 98%, 99%, 99.1,%, 99.2, 99.3%, 99.4%, or 99.5% of the
microplastics from the discharge fluid after the washing maching completes four or
maore loads of laundry.

{21} According to some embodiments, the filtration device may be
configured to maintain a flow rate through the filtration device of 5.0 galimin or
greater after at least one wash load cycle without being cleaned. According to some
embodiments, the filtration device may be configured to maintain a flow rate through
the filtration device of 5.0 galfmin or greater after at least two wash load cycles
without being cleaned. According to some embodiments, the filtration device may be
configured to maintain a flow rate through the filtration device of 5.0 galimin or
greater after at least three wash load cycles without being cleaned. According to
some embodimenis, the filtration device may be configured to maintain a flow rate
through the filtration device of 4.0 galfmin or greater after at least two, three, four,
five, or six wash load cycles without being cleaned. According to some
embodiments, the filtration device may be configured to maintain a flow rate through
the filtration device of 3.0 galfmin or greater after at least two, threeg, four, five, six,
seven, eight, or nine wash load cycles without being cleaned. According to some
embodiments, the filtration device may be configured provide a flow rate through the
filtration device through at least four, five, six, seven, eight, ning, or ten wash ioad
cycles without being cleaned. According 1o some embodiments, the filtration device

may be configured provide a flow rate through the filtration device through more than
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ten wash load cycles without being cleaned.

{22} According to some embodiments, the filtration device may be
configured to maintain a flow rate through the filtration device of 3.0 galimin or
greater after four minutes of use filtering particles from the fluid. According 10 some
embodiments, the filtration device may be configured to maintain a flow rate through
the filtration device of 3.0 galfmin or greater afler five, six, saven, aight, nine, or ten
minutes of use filtering particles from the fiuid, According to some embodiments, the
filtration device may be configured to maintain a flow rate through the filtration device
of 2.0 galimin or greater after five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourtesn, or fifteen minutes of use filtering particles from the fluid.

[23] According {o some embodiments, the filtration device may be
configured such that the flow rate through the filtration device increases over time
during a wash load cycle.

[24] According {o some embodiments, the filtration device may be
configured to maintain a flow speed through the filtration device of 50 om/fs or greater
after al least one wash load cycle without being cleaned. According to some
embodiments, the filtration device may be configured o maintain a flow speed
through the filtration device of 50 cm/s or greater after at least two wash load cycles
without being cleaned. According {o some embodiments, the filtration device may be
configured to maintain a flow speed through the filtration device of 50 cmfs or greatler
after at least three wash load cycles without being cleaned. According to some
embodiments, the filtration device may be configured to maintain a flow speed
through the filtration device of 50 cm/s or greater after at least four, five, or six wash
load cycles without being cleaned. According to some embodimenis, the filtration

device may be configured to maintain a flow speed through the Tiltration device of 40

10
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cmis or greater after at least two, threeg, four, five, six, seven, eight, or nineg wash
load cycles without being cleaned. According to some embodiments, the filtration
davice may be configured to maintain a flow speed through the filtration device of 30
omis or greater after at least two, three, four, five, six, seven, eight, nine, or 10 wash
load cycles without being cleaned. According to some embodimenis, the filtration
device may be configured to maintain a flow speed through the Tiltration device of 20
omis or greater after at least two, threeg, four, five, six, seven, eight, nine, ten, or
eleven wash load cycles without being cleaned. According to some embodiments,
the filtration device may be configured provide a flow through the filiration device
without a flow failure through at least four, five, six, seven, eight, ning, ten, eleven,
twelve, or thirteen wash load cycles without being cleanad. According to some
embodiments, the filtration device may be configured provide a flow through the
filiration device without a flow failure through more than ten wash load cycles without
baing cleaned.

[25] According to some embodiments, the filtration device may be
configured to maintain fluid flow through the filter filtration device through three, four,
five, six, seven, aight, ning, ten, eleven, twelve, or thirteen wash load cycles without
a pressure faillure. According to some embodiments, the filiration device may be
configured provide a flow through the filtration device without a pressure failure
through more than ten wash load cycles without being cleaned.

{26] According to some embodiments, the filtration device may be
configured such that the pressure buildup on the inlet side of the fillration device is
less than 3.4 psi through at least three, four, five, six, saven, eight, nine, or ten wash
load cycles without being cleaned.

{277 According 1o some embodiments, the filtration device may be

11



WO 2023/172344 PCT/US2022/082570

configured such that the pressure buildup on the inlet side of the filtration device
decreases over time during a wash load cycle.

[28] According to another aspect of this disclosure, according to some
embodiments, a method for filtering solids from a fluid may comprise flowing a fluid
through a filirgtion device comprising a vortical filter from a first opening to a second
opening along the vortical filter, the vortical filter comprising at least one rib;
generating vortices in the fluid along the at least one rib flowing in a particle flow path
along the at least one rib from the first opening to the second opening; and filtering
particles from the fluid by Tlowing the fluid through a filter media surrounding at least
a portion of the circumference of the vortical filter. According to some embodiments,
the vortical filter may have a {gpered configuration, such as a taperad-helical
configuration. The vortical filter may comprise a conical shaped filter. In some
embodiments, the vortical filter comprises a tapered coil that has both a helical
configuration and a conical shapea. In some embodiments, tha vortical filter
comprises a tapered-healical coil.

{29} According to some embodiments, the particle flow path guides the
filtered particles along the b towards the second opening. According to some
ambodiments, the particle flow path is substantially continuous between the first
opening and the second opening. According to some embodiments, the particle flow
path is configured so as to not inhibit the flow of particles along the particle flow path
towards the second opening. According to some embodiments, the at least one rib
spirals from the first opening {o the second opening with a decreasing radius.
According to some embodiments, the first opening has a cross-sectional area
greater than the cross-sectional area of the second opening. According to some

embodiments, the vortical filler is substantially cong-shaped.

12
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{30} According to some embodimenits, the filter media comprises a
porous material configurad 1o block solids suspended in the fluid from passing
through the filter media.

{31} According to some embodiments, the method further comprises
coliecting the filtered particles in a collection unit arranged at the second opening.
According to some embodiments, the collection unit comprises a removeable
collection unit configurad to be fastenad {0 the second opaning via a fastening
mechanism. According to some embodiments, the collection unit is further
configured to allow the filtered fluid to flow therethrough. According o some
ambodiments, the collection unit comprises a dead-end filter comprising a further
filter meadia configurad to trap solids filtered from the fluid. According to some
embodiments, the collection unit comprises g second-stage filiration device.

{32} According to some embodiments, the filtered material comprises
biclogical materiais found in an agueous fluid, solid materials, such as particles, or
combinations thereof. According to some embodiments, the filtered particies
comprise microplastics. According to some embodiments, the filtered particles
comprise microfibers. According to some embodiments, the filtered particies
comprise microsolids.

{33} According to some embodiments, the collection unit collects at least
70% of solids {e.g., microplastics) filtered from the fluid. According to some
ambodiments, the collection unit collects at least 75% of solids {e.¢., microplastics)
filtered from the fluid. According to some embodiments, the collection unit collects at
least 80% of solids (&.g., microplastics) filtered from the fluid. According to some
embodiments, the collection unit collects at least 85% of solids {e.¢., microplastics)

filtered from the fluid. According to some embodiments, the collection unit coliects at
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least 90% of solids (e.g., microplastics) fillered from the fluid. According 1o some
ambodiments, the collection unit collects at least 91% of solids {e.¢., microplastics)
filtered from the fluid. According to some embodiments, the collection unit collects at
least 92% of solids (&.g., microplastics) filtered from the fluid. According to some
embodiments, the collection unit collects at least 83% of solids {e.¢., microplastics)
filtered from the fluid. According to some embodiments, the collection unit coliects at
least 94% of solids (2.g., microplastics) filtered from the fluld. According to some
embodiments, the collection unit collects at least 85% of solids (e.¢., microplastics)
filtered from the fluid. According to some embodimenis, the collection unit coliects at
least 96% of solids (e.q., microplastics) filtered from the fluid. According to some
embodiments, the collection unit collects at least 7% of solids (.., microplastics)
filtered from the fluid. According to some embodiments, the collection unit coliects at
least 98% of solids (&.q., microplastics) filtered from the fluid.

[34] According to some embodiments, the vortical filter has a raker
reduction ratio /o in a range between about 0.1 and 10.0 including the end points.
According to some embodiments, the vortical filter has a raker reduction ratio B/a in
a range between about 1.0 and 10.0 including the end points. According to some
ambodiments, the vortical filter has a rakear reduction ratio B/a in a range belweaen
about 1.0 and 6.0 including the end points. According to some embodiments, the
vortical filier has a raker reduction ratio B/a in a range between about 2.0 and 5.0
including the end points. According 1o some embodiments, the vortical filter has a
raker reduction ratio Bfa in a range betweaen about 3.0 and 4.0 including the end
oleligin:

{35} According to some embodiments, the filtering particles from the fluid

by flowing the fluid through the filter media surrounding at least a portion of the

14
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circumference of the vortical filter comprises providing a cross-flow fillration area
across the filter media.

[36] According {o some embodiments, the vortical filter has a variable
oitch.

{37} According to some embodiments, the fluid is a liquid. According to
some embodiments, the fluid is a gas. According to some embodiments, the fluid
comprises a washing machineg discharge fluid.

{38} According to some embodiments, the filter media is fastened to the
vortical filier by a housing. According to some embodiments, the vortical filter
comprises a gasket configured {0 seal the vortical filter against the filter media.

[39] According to some embodiments, the method further comprises,
enclosing the filtration device in an enclosure comprising an inlet opening configured
to guide the fluid to the Tirst opening and an outlet opening configured o guide
filtered fluid out of the enclosure; and collacting the filtered particies in a particle
collection unit. According to some embodiments, the particle collection unit is
configured to be removed from the enclosure in a manner such that fluid remains in
the enclosure when the particie collection unit is remaoved.

{407 According to somea embodiments, the method further comprises
cleaning the vortical filter and the filier media using a scraping mechanism.

{41} According to some embodiments, the method further comprises
providing the fluid at the first opening at a flow speed greater than 50 cm/sec.
According to some embodiments, the methaod further comprises providing the fluid at
the first opening at a flow speed greater than 70 cm/sec. According {0 some
embodiments, the method further comprises providing the fluid at the first opening at

a flow speed greater than 80 cm/sec. According to some embodiments, the method
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further comprises providing the fluid at the first opening at a flow speed greater than
120 cmisec. According 1o some embodiments, the method further comprises
providing the fluid at the first opening at a flow speed greater than 140 cm/sec.

{421 According to some embodiments, the solids or fillered particles
comprise microplastics. According to some embodimenis, the filtering fillers greater
than 80% of the microplastics by mass when post-filtered to 10 microns when
measured using the method of Example 1 or Example 4. According 1o some
embodiments, the filtering filters greater than 85% of the microplastics by mass when
post-filtered to 10 microns when measured using the method of Example 1 or
Example 4. According to some embodiments, the filtering filters greater than 90% of
the microplastics by mass when post-fitered to 10 microns whean measured using
the method of Example 1 or Example 4. According {o some embodiments, the
filtering Tilters greater than 91% of the microplastics by mass when post-filtered to 10
microns when measured using the method of Example 1. According to some
embodiments, the filtering filters greater than 92%, 93%, 94%, 85%, 96%, 87%, or
98% of the microplastics by mass when post-filiered o 10 microns when measured
using the method of Example 1 or Exampie 4.

{43] According to some embodimaents, the filtering fillers greater than
85% of the microplastics by mass when post-filiered to 10 microns when measured
using the method of Example 2. According i some embodiments, the filiering filters
greater than 890% of the microplastics by mass when post-filtered {o 10 microns
when measurad using the meathod of Example 2. According {0 some embodiments,
the filtering filters greater than 91% of the microplastics by mass when postfiltered
to 10 microns when measured using the method of Example 2. According to some

embodiments, the filtering filters greater than 92%, 83%, 94%, 85%, 96%, 9Y%, or
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98% of the microplastics by mass when post-filtered to 10 microns when measured
using the method of Example 2. According to some embodiments, the filtering filters
greater than 99.0%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or
99.9% of the microplastics by mass when post-filtered to 10 microns when measured
using the method of Example 2.

{44] According 1o some embodiments, the filtering filters greater than
80% of the microplastics by count when measured using the method of Example 4.
According {o some embodiments, the filtering filters greater than 85% of the
microplastics by count when measured using the method of Example 4. According to
some embodiments, the filtering filters greater than 80% of the microplastics by
count when measurad using the method of Example 4. According to some
embodiments, the filtering filters greater than 81% of the micropiastics by count
when measured using the method of Example 4. According to some embodiments,
the filtering filters graater than 92%, 93%, 94%, 85%, S68%, 87%, or 88% of the
microplastics by count when measured using the method of Example 4.

{45} According to some embodiments, the filtration device may maintain
a flow rate through the filtration device of 5.0 galimin or greater after at least one
wash load cycle without being cleaned. According to some embodiments, the
filtration device may maintain a flow rate through the filtration device of 5.0 gal/imin or
greater after at least two wash load cycles withoutl being cleaned. According to some
ambodiments, the filtration device may maintain a flow rate through the filtration
device of 5.0 galimin or greater after at least three wash load cycles without being
cleaned. According {o some embodiments, the filtration device maintain a flow rate
through the filtration device of 4.0 galfmin or greater after at least two, three, four,

five, or six wash load cycles without being cleaned. According to soms
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embodiments, the filtration device may maintain a flow rate through the filiration
device of 3.0 gal/min or greater after at least two, three, four, five, six, seven, eight,
or ning wash load cycles without being cleaned. According {0 some embodiments,
the filtration device may provide a flow rate through the filtration device through at
least four, five, six, seven, eight, nine, or ten wash load cycles without being cleaned.
According to some embodiments, the filtration device may provide a flow rate
through the filtration device through maore than ten wash load cycles without being
cleaned,

48] According to some embodiments, the filtration device may mainiain
a flow rate through the filtration device of 3.0 galfmin or greater after four minutes of
use filtering particles from the fluid. According to some embaodiments, the filtration
device may maintain a flow rate through the filtration device of 3.0 galfmin or greater
after five, six, seven, eight, nine, or ten minutes of use filtering particles from the
fluid. According o some embodiments, the filration device may maintain a flow rate
through the filtration device of 2.0 galfmin or greater after five, six, seven, eight, nine,
ten, eleven, twelve, thirteen, fourteen, or fifteen minutes of use filtering particles from
the fluid.

{477 According to some embodimaeants, the filtration device may provide a
flow rate through the filtration device increases over time during a wash load cycie.

48] According to some embodiments, the filtration device may mainiain
a flow speed through the filiration device of 50 emis or greater after at least one
wash load cycle without being cleaned. According to some embaodiments, the
filtration device may maintain a flow speed through the filtration device of 50 cm/s or
greaier after at least two wash load cycles without being cleaned. According o some

embodiments, the filtration device may maintain a flow speed through the filtration
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device of 50 om/s or greater after at least three wash load cycies without being
cleanead. According to some embaodiments, the filtration device may maintain a flow
speed through the filtration device of 50 cm/s or greater after at least four, five, or six
wash load cycles without being cleaned. According to some embodiments, the
filiration device may mainiain a flow speed through the filtration device of 40 cm/s or
greater after at least two, three, four, five, six, seven, aight, or nine wash load cycles
without being cleaned. According to some embodiments, the filtration device may
maintain a flow speed through the filtration device of 30 cm/s or greater after at least
two, three, four, five, six, seven, eight, nine, or 10 wash load cycles without being
cleanead. According to some embaodiments, the filtration device may maintain a flow
speed through the filtration device of 20 cm/s or greater after at least two, three, four,
five, six, seven, eight, ning, ten, or eleven wash icad cycies without being cleaned.
According o some embodiments, the Tiltration device may provide a flow through the
filtration device without a flow failure through at least four, five, six, seven, eight,
nine, ten, eleven, twelve, or thirteen wash load cycles without being cleansd.
According 1o some embodiments, the filtration device may provide a fiow through the
filtration device without a flow failure through more than ten wash load cycles without
being cleansd.

{49] According to some embodiments, the filtration device may maintain
fluid flow through the filter filtration device through three, four, five, six, seven, sight,
ning, ten, eleven, twelve, or thirteen wash load cycles without a pressure failure.
According to some embodiments, the fillration device may provide a flow through the
filtration device without a pressure failure through more than ten wash load cycles
without being cleaned.

{507 According to some embodiments, the filtration device may have a
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pressure buildup on the inlet side of the filtration device that is less than 3.4 psi
through at least three, four, five, six, seven, sight, nine, or ten wash load cycles
without being cleansd.

{51} According to some embodiments, the filtration device may have a
pressure buildup on the inlet side of the filtration device that decreases over time
during a8 wash load cycle.

{82] According to another aspect of this disclosure, according to some
embodiments, a method for filtering particles from a liquid, may comprise providing
the liguid at a first opening of a filiration device comprising a vortical filter, generating
vortices in the vortical filter via a rib, the rib having a decreasing intenor cross-
section through which the fluid flows; providing a flow path along the rib for directing
particles suspended in the vortices towards a second opening of the filtration device;
and fillering a filtered fluid through a filter media adiacent io the flow path. According
to some embodimeants, the vortical filler may have a taperad configuration, such as a
tapered-helical configuration. The vortical filter may comprise a conical shaped filter.
in some embodiments, the vortical filter comprises a tapered coil that has both a
helical configuration and a conical shape. In some embodiments, the vortical filter
comprises a tapered-halical coil.

53] According to some embodiments, the flow path is substantially
continuous between the first opening and the second opening. According o some
ambodiments, the flow path is configured so as o not inhibit the flow of particles
along the flow path towards the second opening. According to some embodiments,
the rib spirais from the first opening o the second opening with a decreasing radius.
According to some embodiments, the first opening has a cross-sectional area

greater than the cross-sectional area of the second opening. According 1o some

<0



WO 2023/172344 PCT/US2022/082570

embodiments, the vortical filter comprises a tapered coil that is substantially cone-
shaped. According 1o some embodiments, the filter media comprises a porous
material configured to block solids suspended in the fluid from passing through the
filter media.

{54} According to some embodiments, the method further comprises
coliecting the filtered particles in a collection unit arranged at the second opening.
According to some embodiments, the collection unit comprises a removeable
coliection unit configured to be fastened to the second opening via a fastening
mechanism. According to some embodiments, the collection unit is further
configured to allow the filterad fluid to flow therethrough. According to some
embodiments, the collection unit comprises a dead-end filter comprising a further
filter media configured to trap solids filtered from the fluid. According to some
embodiments, the collection unit comprises a second-stage filtration device.

[55] According to some embodiments, the filtered particles comprise
microplastics. According to some embodiments, the filtered particles comprise
microfibers. According (o some embodiments, the filtered particies comprise
microsolids.

{58] According to somea embodiments, the collection unit collects at least
70% of sclids {e.g., microplastics) filtered from the fluid. According to some
embodiments, the collection unit collects at least 75% of solids (e.g., microplastics)
filtered from the fluid. According to some embodiments, the collection unit collects at
least 80% of solids {e.g., microplastics) filtered from the fluid. According {o some
embodiments, the collection unit collects at least 85% of solids (e.¢g., microplastics)
filiered from the fluid. According {o some embodiments, the collection unit coliects at

least 90% of solids (e.g., microplastics) filtered from the fluid. According 1o some
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embodiments, the collection unit collects at least 91% of solids (e.g., microplastics)
filtered from the fluid. According to some embodiments, the collection unit collects at
least 92% of solids {e.g., microplastics) filtered from the fluid. According {o some
embodiments, the collection unit collects at least 93% of solids (e.¢g., microplastics)
filiered from the fluid. According 1o some embodiments, the collection unit coliects at
least 94% of solids (e.g., microplastics) filtered from the fluid. According 1o some
ambodiments, the collection unit collects at least 85% of solids {e.¢., microplastics)
filtered from the fluid. According to some embodiments, the collection unit collects at
least 96% of solids (e.g., microplastics) fillered from the fluid. According 1o some
ambodiments, the collection unit collects at least 97% of solids {e.¢., microplastics)
filtered from the fluid. According to some embodiments, the collection unit collects at
least 98% of solids (&.g., microplastics) filtered from the fluid.

{57} According to some embodiments, the vortical filter has g raker
reduction ratio Bfa in a range between about 0.1 and 10.0 including the end points.
According to some embodiments, the vortical filter has a raker reduction ratio B/a in
a range between about 1.0 and 10.0 including the end points. According 1o some
embodiments, the vortical filter has a raker reduction ratio B/a in a range between
about 1.0 and 6.0 including the end points. According {o some embodiments, the
vortical filter has a raker reduction ratio B/a in a range between about 2.0 and 5.0
including the end points. According to some embodiments, the vortical filter has a
raker reduction ratio B/a in a range between about 3.0 and 4.0 including the end
DOHHS.

58] According to some embodiments, the filtering particles from the fluid
by flowing the fluid through the filter media surrounding at least a portion of the

circumference of the vortical filter comprises providing a cross-flow filtration area
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across the filter media.

{591 According to some embodiments, the vortical filter has a varniable
pitch.

60} According to some embodiments, the fluid is a liquid. According to
some embodimenis, the fluid is a gas. According to some embodimenis, the fluid
comprises a washing machine discharge fluid.

{81} According to some embodimeants, the filter media is fastened o the
vortical filter by a housing. According to some embodiments, the vortical filter
comprises a gasket configured to seal the vortical filler against the filter media.

{62] According to some embodiments, the method further comprises
enclosing the filtration device in an enclosure comprising an inlet opening configured
to guide the fluid to the first opening and an outlet opening configured to guide
filtered fluid out of the enclosure; and collecting the filtered particies in a particle
coliection unit. According to some embodiments, the particle collection unit is
configured to be removed from the enclosure in @ manner such that fluid remains in
the enclosure when the particie collection unit is removed.

{63} According 1o some embodiments, the method further comprises
cieaning the vortical filter and the filter media using a scraping mechanism.

{64} According to some embodiments, the method further comprises
providing the fluid at the first opening at a flow speed greater than 50 cm/sec.
According to some embodiments, the method further comprises providing the fluid at
the first opening at a flow speed graater than 70 cm/fsec. According to some
embodiments, the methad further comprises providing the fluid at the first opening at
a flow speed greater than 90 cm/sec. According 1o some embodiments, the method

further comprises providing the fluid af the first opening at a flow speed greater than
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120 emifsec. According to some embodiments, the method further comprises
providing the fluid at the first opening at a flow speed greater than 140 cm/sec.

[65] According {o some embodiments, the solids or filterad particles
comprise microplastics. According to some embodiments, the filtering filters greater
than 80% of the microplastics by mass when post-filtered to 10 microns when
measured using the method of Example 1 or Example 4. According {0 soms
ambodiments, the filtering filters greater than 85% of the microplastics by mass when
post-filterad to 10 microns when measured using the method of Example 1 or
Exampile 4. According to some embodimenis, the filtering fillers greater than 80% of
the microplastics by mass when post-filtered to 10 microns when measurad using
the method of Example 1 or Example 4. According to some embodiments, the
filtering filters greater than 91% of the microplastics by mass when post-filtered to 10
microns when measured using the method of Example 1 or Example 4. According o
some embodiments, the filtering filters graater than 92%, 83%, 84%, 85%, 968%,
97%, or 98% of the microplastics by mass when post-filtered to 10 microns when
measured using the method of Example 1 or Example 4.

{66] According 1o some embodiments, the filtering filters greater than
85% of the microplastics by mass when post-filtered to 10 microns when measured
using the method of Example 2. According to some embodiments, the filtering filters
greater than 80% of the microplastics by mass when post-filiered to 10 microns
when measured using the method of Example 2. According to some embodiments,
the filtering filters graater than 91% of the microplastics by mass when postiltered
to 10 microns when measured using the method of Example 2. According to some
embodiments, the filtering fillers greater than 92%, 93%, 94%, 95%, 96%, 97%, or

898% of the microplastics by mass when post-filtered (o 10 microns when measured
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using the method of Example 2. According i some embodiments, the filiering filters

greater than 99.0%, 99.1%, 99.2%, 99.3%, 99.4%, 98.5%, 99.6%, 99.7%, 99.8%, or

99.9% of the microplastics by mass whan post-filtered o 10 microns when measured
using the method of Example 2.

{67} According to some embodiments, the filtering filters greater than
80% of the microplastics by count when measured using the method of Example 4.
According to some embodiments, the filtering filters graater than 85% of the
microplastics by count when measured using the method of Example 4. According to
some embodiments, the filtering Tilters greater than 80% of the micropiastics by
count when measured using the method of Example 4. According to some
embodiments, the filtering filters greater than 81% of the micropiastics by count
when measured using the method of Example 4. According to some embodiments,
the filtering filters greater than 92%, 93%, 94%, 95%, 96%, 97%, or 98% of the
microplastics by count when measured using the method of Example 4.

58] According to another aspect of this disclosure, according to some
embodiments, a filiration device may include a vortical filter comprising a first
opening, a second opening, a rib, and a cross-flow filtration region between the first
opening and the second opening; the tapered helical coil having an interior raker
reduction ratio Bfa in a range between 0.1 and 10 including the end points; wherein
the vortical filter is configured to generate vortices in a fluid entering the vortical filter
via the first opening and being configured such that the filtered fiuid axits through a
filter meadia of the cross-flow filtration region, and wherain the vortical filter s
configured such that filtered particles substantially exit the vortical filter at the second
opening.

{69} According 1o some embodiments, the rib extends continuously from
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the first opening o the second opening. According o some embodiments, the rib
forms a flow path configured to guide filtered particles suspended in the vortices
along a flow path to the second opening. According to some embodiments, the flow
path is substantiaily continuous from the first opening to the second opening.
According to some embodiments, the flow path is configured so as o not inhibit the
flow of particles along the flow path towards the second opening. According o some
ambodiments, the rib spirals from the first opening to the second opening with a
decreasing radius. According {o some embodiments, the first opening has a cross-
sectional area greater than the cross-sectional area of the second opening.
According to some embodiments, the vortical filter comprises a tapered coil that is
substantially cone-shaped. According to some embodiments, the vortical filler media
comprises a porous material configured to block solids suspended in the fluid from
passing through the filter media.

[70] According to some embodiments, the filtration device further
comprises a collection unit arranged at the second opening, the collection unit
configured to collect solids filiered from the fluid. According {o some embodiments,
the collection unit comprises a removeable collection unit configurad {o be fastened
to the filtration device via a fastening machanism. According to some embodiments,
the collection untt comprises a dead-end filter comprising a further filter media
configured to trap solids filtered from the Tluid, and a collection unit outlet configured
to allow the fluid to flow therethrough. According 1o some embodiments, the
coliection unit is a second-stage filtration device.

{71} According to some embodiments, the collection unit is configured to
coliect at least 70% of solids {e.¢., microplastics) filtered from the fluid. According to

some embodiments, the collection unit 1s configured o collect at least 75% of solids
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{e.g., microplastics) filtered from the fluid. According to some embodiments, the
coliection unit is configurad o collect at least 80% of solids (e.q., microplastics)
filtered from the fluid. According to some embodiments, the collection unit is
configured to collect at least 85% of solids (e.g., microplastics) filtered from the fluid.
According to some embodiments, the collection unit is configured {0 collect at least
80% of solids {(e.g., microplastics) filtered from the fluid. According {o some
ambodiments, the collection unit is configured to collect at least 81% of solids {(e.g.,
microplastics) filtered from the fluid. According to some embodiments, the collection
unit is configured o collect at least 92% of solids {(e.g., microplastics) filtered from
the fluid. According to some embaodiments, the collection unit is configured to collect
at least 93% of solids {&.¢., microplastics) filtered from the fluid. According (o some
embodiments, the collection unit is configured to collect af least 84% of solids {e.g.,
microplastics) filiered from the fluid. According 1o some embodiments, the collection
unit is configured to collect at least 85% of solids (e.4g., microplastics) filtered from
the fluid. According to some embodiments, the collection unit is configured to collect
at least 96% of solids (e.g., microplastics) filtered from the fluid. According to some
embodiments, the collection unit 1s configured o collect at least §7% of solids {e.g.,
microplastics) filtered from the fluid. According to some embodimeants, the collection
unit is configured to collect at least 88% of solids {(e.g., microplastics) filtered from
the fluid.

{72} According to some embodiments, the vortical filter has a raker
reduction ratio Bfa in a range between about 1.0 and 10.0 including the end points.
According to some embodiments, the vortical filter has a raker reduction ratio B/a in
a range between about 1.0 and 6.0 including the end points. According {o some

embodiments, the vortical filter has a raker reduction ratio B/a in a range between
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about 2.0 and 5.0 including the end poinis. According to some embodiments, the
vortical filter has a raker reduction ratio B/a in a range betwesn about 3.0 and 4.0
ncluding the end points.

73] According to some embodiments, the vortical filter is configured
such that the rib has a rib width, the rib has a rib height, the vortical filier having a
slot height between adjacent revolutions of the rib, the vortical filter has a helix
hieight, the vortical filter has a helix pitch, and the siot height, rib width, rib height,
helix height, and helix piich being configured to create a rib overlap configured to
generate the vortices o guide particles-to-be-filtered from the fluid along the rib
toward the second opening.

[74] According to some embodiments, the rib includes at least one ridge
substantially adiacent to the filter media. According to some embodiments, the rib
includes a plurality of ridges substantially adjacent to the filter media. According to
some embodiments, the one or more ridges is configured to maintain vortices inthe
fluid. According to some embodiments, the one or more ridges is configured o
facilitate fravel of filtered particles along the flow path towards the second opening.

{75} According 1o some embodiments, the vortical filter is configured to
provide a cross-flow filtration area across the filter media.

{76} According to some embodiments, the vortical filter has g variable
pitch.

{77} According to some embodiments, the fluid is a liquid. According to
some embodiments, the fluid is a gas. According to some embodiments, the flud
comprises a washing machine discharge fluid.

{78} According to some embodiments, the filtration device further

comprises a housing, wherein the filter media is infegrated into the housing.
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According to some embodiments, the filtration device further comprises a housing
configured to contain the vortical filter, wherein the filter media is fastened between
the housing and the vortical filter. According to some embodiments, the filtration
device further comprises a gasket configured to seal the vortical filter against the
filter media.

{79} According 1o some embodiments, the filtration device further
comprises an enclosure including an inlet opening configurad o guide the fluid to the
first opening, and an cutlet opening configured to guide filtered fluid out of the
enclosure; and a particie collection member configured o collect particies fillered
from the fluid, the particle collection member being removable from the enclosure.
According to some embodiments, the particle collection mamber is configurad to be
removed from the enclosure in a manner such that fluid remains in the enclosure
when the particle collection member is removed.

[80] According to some embodiments, the filtration device further
comprises a scraping mechanism configured to clean the vortical filter and the filter
media.

{81} According 1o some embodiments, the filtration device is configured
to fiiter discharge fluid from a washing machine. According to some embodiments,
the filtration device is configured to filter microplastics from said discharge fluid.
According to some embodimenis, the filtration device is configured to filter at least
75% of the microplastics from the discharge fiuid after the washing machine
completes 4 or more ioads of laundry. According to some embodiments, the fillration
device is configured to filter at least 80%, 85%, 86%, 87%, 88%, 89%, 80%, 91%,
2%, 93%, 94%, or 95% of the microplastics from the discharge fluid afier the

washing machine completes 4 or more loads of laundry.
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{82} According to another aspect of this disclosure, according o some
ambodiments, a method for filtering particles from a fluid may include providing a
vortical filter comprising a first opening, a second opening, a rib, and a cross-flow
filtration region between the first opening and the second opening; providing a fluid
at the first opening at a fiow speed greater than 50 cm/sec, the fluid comprising
particles 1o be filterad from the fluid; generating vortices in the fluid in a particle
filtration path in a direction from the first opening to the second opaning in the cross-
flow filtration region along the rib; filtering the particles from the fluid along the
particle filtration path by flowing the Tluid through a filter media surrounding at least a
portion of the circumference of the vortical filter; and removing the fitered particles
from the vortical filter at the second opening. According to some embodimeants, the
vortical filter may have a tapered configuration, such as a tapered-helical
configuration. The vortical filter may comprise a conical shaped filler. In some
embodiments, the vortical filler comprises a tapared coll that has both a helical
configuration and a conical shape. In some embodiments, the vortical filter
comprises a tapered-helical coil.

{83} According to some embodiments, the filtration path guides the
filtered particles along the rib towards the second opening. According to some
embodiments, the particle fillration path is substantially continuous between the first
opening and the second opening. According to some embodiments, the parlicle
filtration path is configured so as {0 not inhibit the flow of particles along the particle
filtration path towards the second opening. According 1o some embaodiments, the nb
spirals from the first opening o the second opening with a decreasing radius.
According to some embodiments, the first opening has a cross-sectional area

greater than the cross-sectional area of the second opening. According 1o some
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embodiments, the vortical filter comprises a fapered coil is substantially cone-
shaped. According 1o some embodiments, the filter media comprises a porous
material configured to block solids suspended in the fluid from passing through the
filter media.

{84} According to some embodiments, the method further comprises
coliecting the filtered particles in a collection unit arranged at the second opening.
According to some embodiments, the collection unit comprises a removeable
coliection unit configured to be fastened to the second opening via a fastening
mechanism. According to some embodiments, the collection unit is further
configured to allow the filterad fluid to flow therethrough. According to some
embodiments, the collection unit comprises a dead-end filter comprising a further
filter media configured to trap solids filtered from the fluid. According to some
embodiments, the collection unit comprises a second-stage filtration device.

[85] According to some embodiments, the filtered particles comprise
microplastics. According to some embodiments, the filtered particles comprise
microfibers. According (o some embodiments, the filtered particies comprise
microsolids.

{88] According to somea embodiments, the vortical filter has a raker
reduction ratio B/a in a range between about 0.1 and 10.0 including the end points.
According to some embodimenis, the vortical filter has a raker reduction ratio B/a in
a range between about 1.0 and 10.0 including the end points. According 1o some
embodiments, the vortical filler has a raker reduction ratio §/a in a range between
about 1.0 and 6.0 including the end poinis. According {o some embodiments, the
vortical filter has a raker reduction ratio B/a in a range between about 2.0 and 5.0

including the end points. According to some embodiments, the vortical filter has a
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raker reduction ratio B/a in a range between about 3.0 and 4.0 including the end
poirts.

{871 According {o some embodiments, the filtering particles from the fluid
by flowing the fluid through the filter media surrounding at least a portion of the
circumference of the vortical filter comprises providing a cross-flow filtration area
across the filter media.

{88] According to some embodiments, the vortical filter has a variable
pitch.

{89} According to some embodiments, the fluid is a liguid. According to
some embodiments, the fluid is a gas. According to some embodiments, the fluid
comprises a washing machine discharge fluid.

1901 According to some embodiments, the filter media is fastened to the
vortical filter by a housing. According {o some embodiments, the vortical filter
comprises a gasket configured o seal the vortical filter against the filter media.
According to some embodiments, the method further comprises enclosing the
filiration device in an enclosure comprising an inlet opening configured to guide the
fluid to the first opening and an outlet opening configured 1o guide filtered fluid out of
the enclosure; and collecting the filterad particles in a particle collection unit.
According to some embodiments, the particle collection unit is configured to be
removed from the enclosure in @ manner such that fluid remains in the enclosure
when the particle collection unit is removed.

[91] According to some embodiments, the methaod further comprises
cleaning the vortical filter and the filter media using a scraping mechanism.

{92} According to some embodiments, the method further comprises

providing the fluid at the first opening at a flow speed greater than 70 cm/sec.
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According to some embodimenis, the method further comprises providing the fluid at
the first opening at a flow speed greater than 80 cm/sec. According to some
embodiments, the method further comprisas providing the fluld at the first opening at
a flow speed greater than 120 omfsec. According to some embodiments, the method
further comprises providing the fluid at the first opening at a flow speed greater than
140 cmisec.

{83] According to some embodimeants, the solids or filtered particles
comprise microplastics. According to some embodiments, the filtering filters greater
than 80% of the microplastics by mass when posi-filtered to 10 microns when
measured using the method of Example 1 or Example 4. According o some
embodiments, the filtering filters greater than 85% of the micropiastics by mass when
post-filtered to 10 microns when measuraed using the method of Example 1 or
Example 4. According {0 some embodiments, the filtering filters greater than 80% of
the microplastics by mass when post-fitered to 10 microns when measured using
the method of Example 1 or Example 4. According {o some embodiments, the
filiering filters greater than 91% of the microplastics by mass when post-filtered to 10
microns when measured using the method of Example 1 or Example 4. According to
some ambodiments, the fillering filters greatar than 92%, 93%, 94%, 85%, 96%,
97%, or 98% of the microplastics by mass when post-filtered to 10 microns when
measured using the method of Example 1 or Example 4.

{94] According to some embodiments, the filtering filters greater than
85% of the microplastics by mass when post-filtered (o 10 microns when measured
using the method of Example 2. According to some embodiments, the filtering filters
greater than 90% of the microplastics by mass when posi-filtered to 10 microns

when measurad using the method of Example 2. According 1o some embodiments,
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the filtering filters greater than 91% of the microplastics by mass when postfiltered
to 10 microns when measured using the method of Example 2. According {o some
embodiments, the filtering filters greater than 82%, 83%, 94%, 85%, 88%, 87%, or
98% of the microplastics by mass when post-filtered to 10 microns when measured
using the method of Example 2. According to some embodiments, the filtering filters
greater than 99.0%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 98.8%, or
899.9% of the microplastics by mass when post-filterad to 10 microns when measured
using the method of Example 2.

[95] According to some embodiments, the filtering fillers greater than
80% of the microplastics by count when measured using the method of Example 4.
According to some embodiments, the filtering filters greater than 85% of the
microplastics by count when measured using the method of Example 4. According to
some embodimentis, the filtering filters greater than 90% of the microplastics by
count when measurad using the method of Example 4. According to some
embodiments, the filtering filters greater than 81% of the micropiastics by count
when measured using the method of Example 4. According to some embodiments,
the filtering filters greater than 92%, 83%, 94%, 85%, 88%, 87%, or 98% of the
microplastics by count when measured using the method of Example 4.

[96] According to another aspect of this disclosure, according to some
embodiments, a method for fillering microplastics from a washing maching discharge
fluid, may include providing the washing machine discharge fluid at a first opening of
a vortical filter of a filtration device, the tapered helical coil comprising a rib, the rib
having a decreasing interior radius between the first opening and a second opening
of the vortical filter; generaling vortices in the washing machine discharge fluid aiong

the rib along a particie filtration path in a direction from the first opening ¢ the

34



WO 2023/172344 PCT/US2022/082570

second opening; filiering microplastics from the washing machine discharge fluid
atong the particle filtration path by flowing the washing machine discharge fluid
through a filler media surrounding at least a portion of the circumfarence of the
vortica! filter; and removing the filtered microplastics from the vortical filter at the
second opening, wherein the filtering the microplastics filters greater than 80% of the
microplastics by mass when post-filtered to 10 microns when measured using the
method of Example 1, Example 2, or Example 4. According to some embodiments,
the vortical filter may have a tapered configuration, such as a tapered-hslical
configuration. The vortical filter may comprise a conical shaped filter. In some
ambodiments, the vortical filter comprises a tapered coil that has both a helical
configuration and a conical shapea. In some embodiments, tha vortical filter
comprises a tapered-healical coil.

{971 According to some embodiments, the filtering filters greater than
85% of the microplastics by mass when post-filtered (o 10 microns when measured
using the method of Example 1 or Exampie 4. According to some embodiments, the
filtering filters greater than 90% of the microplastics by mass when post-filtered (o 10
microns when measured using the method of Example 1 or Example 4. According to
some embodiments, the fillering filters greatar than 21% of the microplastics by
mass when post-filtered to 10 microns when measured using the method of
Exampile 1 or Example 4. According 10 some embodiments, the filtering Tilters greater
than 92%, 93%, 94%, 95%, 896%, 87 %, or 98% of the microplastics by mass when
post-filterad {0 10 microns when measured using the method of Example 1 or
Exampie 4.

{98} According to some embodiments, the filtering filters greater than

85% of the microplastics by mass when post-filtered to 10 microns when measured
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using the method of Example 2. According i some embodiments, the filiering filters
greater than 890% of the microplastics by mass when post-filtered {o 10 microns
when measurad using the meathod of Example 2. According {0 some embodiments,
the filtering filters greater than 91% of the microplastics by mass when postfiltered
to 10 microns when measured using the method of Example 2. According to some
embodiments, the filtering filters greater than 92%, 93%, 94%, 85%, 896%, 87%, or
98% of the microplastics by mass when post-filtered to 10 microns when measured
using the method of Example 2. According to some embodiments, the filtering filters
greater than 99.0%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or
899.9% of the microplastics by mass when postfiltered to 10 microns when measured
using the method of Exampls 2.

991 According to some embodiments, the filtering fillers greater than
80% of the microplastics by count when measured using the method of Example 4.
According to some embodiments, the filtering filters greater than 85% of the
microplastics by count when measured using the method of Example 4. According to
some embodimenis, the filtering fillers greater than 0% of the micropiastics by
count when measurad using the method of Example 4. According to some
ambodiments, the filtering filters greater than 91% of the microplastics by count
when measured using the method of Example 4. According {0 some embodiments,
the filtering filters greater than 92%, 93%, 94%, 95%, 96%, 97%, or 98% of the
microplastics by count when measured using the method of Example 4.

[100] According {o some embodiments, the particle filtration path s
substantially continuous between the first opening and the second opening.
According to some embodiments, the particle filtration path is configured so as to not

inhibit the flow of microplastics along the particle filtration path towards the second
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opening. According to some embodiments, the rib spirals from the first opening to
the second opening with a decreasing radius. According {0 some embodiments, the
first opening has a cross-sectional area greater than the cross-sactional area of the
second opening. According to some embodiments, the vortical filter comprises a
tapered coil that is subsiantially cone-shaped. According 1o some embodiments, the
filter media comprises a porous material configured to block solids suspended in the
fluid from passing through the filter media.

{1011 According to some embodiments, the method further comprises
coliecting the filtered microplastics in a collection unit arranged at the second
opening.

{102} According {o some embodiments, the collection unit comprises a
removeable collection unit configured to be fastened o the second opening via a
fastening mechanism. According to some embodiments, the collection unit is further
configured to allow the filtered washing maching discharge fluid to flow therethrough.
According to some embodiments, the collection unit comprises a dead-end filter
comprising a further filter media configured to trap solids fillered from the washing
machine discharge fluid. According to some embaodiments, the collection unit
comprises a second-stage filiration device.

{1031 According to some embodiments, the filtered microplastics
comprise microfibers.

{104] According to some embodiments, the vortical filter has a raker
reduction ratio Bfa in a range between about 0.1 and 10.0 including the end points.
According to some embodiments, the vortical filter has a raker reduction ratio B/a in
a range between about 1.0 and 10.0 including the end points. According ic some

embodiments, the vortical filter has a raker reduction ratio B/a in a range between
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about 1.0 and 6.0 including the end poinis. According to some embodiments, the
vortical filter has a raker reduction ratio B/a in a range betwesn about 2.0 and 5.0
ncluding the end points. According to some embodiments, the vortical filter has a
raker reduction ratio B/a in a range between about 3.0 and 4.0 including the end
eleligitc

{105] According 1o some embodiments, the filtering the microplastics from
the washing machine discharge fluid by flowing the washing machine dischargs fluid
through the filter media surrounding at least a portion of the circumference of the
vortical filter comprises providing a cross-flow filtration area across the filter media.

{106] According to some embodiments, the vortical filter has a varniable
pitch.

1071 According to some embodiments, the filter media is fastened to the
vortical filter by a housing. According {o some embodiments, the vortical filter
comprises a gasket configured o seal the vortical filter against the filter media.

{108} According to some embodiments, the method further comprises
enclosing the filtration device in an enclosure comprising an inlef opening configured
to guide the washing machine discharge fluid to the first opening and an outlet
opening configured {o guide filtered washing maching discharge fluid out of the
enclosure; and collecting the filtered microplastics in a particle collection unit.
According to some embodimenis, the particle collection unit is configured to be
removed from the enclosure in a manner such that washing machine discharge fluid
remaing in the enclosure when the particle collection unit s removed.

{1091 According to some embodiments, the method further comprises
cleaning the vortical filter and the filier media using a scraping mechanism.

{(110] According 1o some embodiments, the method further comprises

38



WO 2023/172344 PCT/US2022/082570

providing the washing machine discharge fluid at the first opening at a flow speed
greater than 50 cmisec. According to some embodiments, the method further
comprises providing the washing maching discharge fluid at the first opening at a
flow speed greater than 70 cmisec. According to some embodiments, the method
further comprises providing the washing machineg discharge fiuid at the first opening
at a flow speed greater than 90 cm/sec. According to some embodiments, the
method further comprises providing the washing machine discharge fluid at the first
opening at a flow speed greater than 120 cm/fsec. According to some embodiments,
the method further comprises providing the washing machine discharge Tluid at the
first opening at a flow speed grester than 140 cmisec.

111} According to another aspect of this disclosure, according to some
embodiments, a controller may include a processor; and a storage communicatively
coupled to the processor, whersin the processor is configured to execute
programmed instructions stored in the storage (o determing a parameter of fluid flow
through a filter and operate a scraping mechanism of the filter based on the
parameter.

{112} it is {o be undersicod that both the foregoing general description
and the following detailed description are exemplary and explanatory only and are
not restrictive of the subject matter that may be claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

{113} The accompanying drawings, which are incorporated in and
constitute a part of this disclosure, illustrate exemplary embodiments and, together
with the description, serve {o explain the disclosed principles.

{114} FiG. 1 shows an exemplary filtration device, consistent with some

embodiments of this disclosure.
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{115} FiGs. 2 shows an exemplary exploded perspective view of an
axemplary filtration device, consistent with some embodiments of this disclosure.

[116] FIGS. 3A-3D show exemplary taperad-helical coils, consistent with
some embodiments of this disclosure.

{117} FIGS. 4A-4C show top views of exemplary tapered-helical coils,

consistent with some embodiments of this disclosure.

{118] FIG. 5A shows a partial cross-sectional invertad view of section 5-5
of FIG. 3.
{119} FIGS. 5B-5F show exemplary partial cross-sections of exemplary

taperad-helical coils.

[120] FiG. 8 shows a partial cross-saction of an exemplary rib of an
exemplary filtration device.

{121} FIG. 7 shows a perspective view of an exemplary housing of an
exemplary filtration davice.

{122} FIG. 8 shows an elevation view of an exemplary tapered-helical coil
and housing in an open configuration.

{123} FIGS 9A-8B show an exploded perspective and elevation views of
an exemplary filtration system, consistent with some embodiments of this disclosure.

{124] FIGS. 10A-10C show cross-section views of exemplary filiration
systems, consisient with some embodiments of this disclosure.

{125} FIG. 11 shows a schematic flow diagram of an exemplary method,
consistent with some embodiments of this disclosure.

{126] FIG. 12 shows a schematic diagram of an exemplary in-use
configuration for the method of FIG. 11

{127} FiG. 13 shows schematic flow diagram of an exemplary method
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consistent with some embodiments of this disclosure.

{128} FiG. 14 shows a schematic diagram of an exemplary in-use
configuration for the method of FIG. 13

{129] FIG. 15 shows an exemplary partial cross-section of an exemplary
tapered-helical coil.

{130} FIGS. 16A-18C show an elevation and cross-section views of
axemplary fillration systems, consistent with some embodiments of this disclosure.

{131] FiG. 17 shows an exemplary partial cross-section of an exemplary
tapered-helical coil.

{132} FIG. 18 shows a first exemplary setup for a test method to measure
filtration efficiency.

{133] FIG. 192 shows a second exemplary setup for a test method o
measure filiration efficiency.

{134] FiG. 20 shows an exemplary setup for a test method to measure
load cycle tolerance for a filter.

{135] FIGS. 21A-21D show exemplary isometric and cross-sectional
views of exemplary filtration systems, consistent with some embaodiments of this
disclosure.

{138] FIGS. 22A-22G show resulls of the load cycle tolerance testing,
flowrate, flow speed, and pressure of the testing method described in Example 3.

{137} FIGS. 23A-23C show filters being tested according to Example 3.

{138] FIGS. 24A-24D show results of efficiency testing on an embodiment
of an inventive filter by determining the microplastic distribution changes (by weight
and particulate numbers) between pre-fitered and post-iltered washing machine

waste water of polyester-cotton materials for the testing method described in
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Exampie 4.

{139] FIGS. 25A-25D show results of efficiency testing an embodiment of
an inventive filter by determining the microplastic distribution changes {(by weight and
particulate numbers) between pre-filtered and post filtered washing machine waste

water of flocked materials for the testing method described in Example 4.

DETAILED DESCRIPTION

{140} Reference will now be made in detail to exemplary embodiments,
examples of which are Hliustrated in the accompanying drawings. YWhere convenient,
the same reference numbers may be used throughout the drawings to refer to the
same or like parts. The implementations set forth in the following description arg
exemplary embodiments and do not represent all implementations consistent with
the present disclosure. While some examples and features of disclosed principles
are described herein, modifications, adaptations, and other implementations are
possible without departing from the spirit and scope of the disclosure. 1t is intended
that the following detailed description be considered as merely examplas of systems,
apparatuses, and methods consistent with aspects of this disclosure.

{141} Some embodiments may provide improvements to prior filtration
systems and methods, such as improved filtration performance, higher collection
efficiency of suspended solids, sasier ability to maintain the filter, improved
cleanliness of filter meadia, improved accessibility for user intervention (e.g., emplying
a collection unit), improved packaging, reduced pressure drop across filter media,
high efficiency filtration of small particles {(e.q., microparticies and micropiastics),
gfficient filtration at high flow rates or hugh flow speeds, and reduced tendency for
clogging, contamination, fouling, etc. For example, some embodiments may achieve

a Tilter able to collect a relatively large amount of solids over a broad range of fillered
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solid sizes in a collection unit, while the filter media remains relatively clean after
axtended use. In some embodiments, the filter achieves high filtration sfficiency at
high flow rates and high flow speeds. In some embodiments, a filter may filter solids
or microsolids from a fluid, such as air or water. In some embodiments, a filter may
filiter microplastics from water, such as, for exampie, from wastewater, drinking
water, or laundry water.

{142} The problem of particulate waste is growing. In particular, itis
becoming increasingly recognized that microsolid waste, such as microplastics, s a
significant problem and is becoming a heaith hazard. "Microplastics,” for example,
are generally considered o be any synthetic particles having regular or irregular
shapas with a size less than 5 millimeters. Microplastics may come from both
primary and secondary sources. Primary sourceas include textile abrasion (e.q.,
synthetic fibers in clothing that break down in washing machines and are discharged
into the environment via laundry wastewater) and tire abrasion (e.q., tire wear from
normal driving causing rubber to be constantly wormn down and left on road surfaces
that is washed away into the environment). Secondary sources include the
breakdown of larger pieces of plastic {e.q., plastic botlles) breaking down into
smaller pieces. Microplastics then make their way into the waler supply for human
consumption. Although some embodiments of the present description may be
described in terms of microplastics to aid in explanation, the present disclosure is not
imitad o filtering microplastics, but can be used to filter other solids, particles,
micrasolids, microparticlas, microfibars, particuiate matter, or other filterable
substances from a fluid.

{143} Studies have shown that the average person may consume about

five grams of microplastic, which is equivalent in weight to a plastic credit card, per
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week. it is believed that about 35% of this plastic comes from textile abrasion, which
is considerad o be the single largest point source of microplastics released into the
environment. Human ingestion of microplastics 1s associated with and linked to
autism, early puberty, malignancies, such as colon and breast cancer, and heart
problems.

{144] Besides the risks to human health, microplastic and other plastic
wasie impacts the environment and climate, as weall. Microplastics and other plastic
particlas may interfere with the natural biclogical pumping action of the world's
oceans, which is one of the earth's largest carbon sinks (sequestering over 40% of
the carbon emitted since World War i), The continued build-up of microplastics in
the environment may interfers with this and others of the eartly's natural processes,
such as radiative forcing. For example, microplastics in the atmosphere may
contribute to the greenhouse effect by reflecting or absorbing heat released from the
earth's surface, rather than allowing it {o escape.

{145] Filtering of microplastics suspended in flowing fluid (e.g., water or
airy has been chalienging due o the size of the particles and the flow rate of fluid,
gspecially at high flow rates or high flow speeds. Prior filtration methods, for example
dead-end and conventional cross-flow filter systems using filter media, are not
effective at high flow rates, high flow speeds, or at high concenirations of
microplastics. Morecver, such filters are difficult 1o clean and cannot effectively
select for smaller sizes of microplastics or other particles. In many applications, such
as, for example, laundry machinas, the fluid discharge has a high flow rate and high
flow speed to discharge a relatively large amount of fluid in a short time, resulting in
both high-velocity and high-pressure discharge. Dead-end filtration is not effective in

such situations because flow restriction caused by the fiter media and the build-up of

44



WO 2023/172344 PCT/US2022/082570

filtered residue at the filter media create a pressure drop across the filler media and
back pressure, resulting in low flow through the filter, and eventual blockage, which
can lead {o catastrophic failure of the discharge line. Such failure may, result in
cump failure, inability to drain water from the washing machine, and leaks from the
washing machine. At sufficiently high flow rates, fine filter medias can impede the
filtration flow causing back pressure through the system which may blow out hoses
or pipes, leading to leaks, catastrophic hose or pipe fallure, or damage 1o various
components of the system. Conventional cross-flow filtration methods are also
ineffective because residue collects on the filter media, the fillers are not easily
cleaned, and they are relatively low efficiency such that much of the microplastic
content is still discharged. Prior cross-flow filtration filters are also ineffective at high
flow rates and high flow speeds because they cannot efficiently filter particles from
the fluid.

[148] An exemplary filter of this disclosure may addrass such problems
nvolved in filtering microplastics from a flowing fluid without producing an excessive
pressure drop and filter clogging, thus improving filtration performance. The
exemplary filters are also more effective at filtering particies, such as microplastics,
at high flow rates and high flow speaeds, such as flow speeads greater than 50 cm/sec.
The filter may include a filtration region where suspended solids (e.q., particles) are
separated from fluid, such as by cross-flow filtrations between adjacent revolutions of
the tapered- coil. While the following description refers to the vortical filer as
comprising a aperad coil, and one further having a helical configuration, this is an
embodiment of the disclosure. The invention should not be limited to the helical or
tapered-helical configuration. However, with respect to this configuration, the flow of

particles may include a vortical flow between adjacent revolutions of a tapered-
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helical coil. The filter may be configured to advance the flow of particles along a flow
path between adjacent revolutions of the tapered-helical coil toward a collection
region where the particles can be captured and disposed of.

{147} FIG. 1 shows an exemplary filiration device of this disclosure having
a tapered-helical coil that generaily decreases in diameter glong a fluid fiow direction
126. As shown in FIG. 1, a filtration device 100 has a first opening 122, such as a
fluid inlet where an inlet fluid flow 126 enters. Filtration device 100 includes a
tapered-helical coil 112 that extends away from first opening 122 towards a second
opening 124. The second opening 124 may be opposite the first opening 122, As
shown in FIG. 1, in some embodiments, second opening 124 may open into a
residue collection unit 170, Tapered-helical coil 112 includes arib 118. As the fluid to
be filtered passes from first opening 122 {o second opening 124, rib 118 in the shape
of tapered-helical coil 112 generates vortices 136 in the fluid. Vortices 136 promote
movement of particies o be filtered (e.q., the filter residue) along particle flow path
138 (e.qg., toward second opening 124), while filtered fiuid (e.qg., filtrate) flow 102 is
able o exil through filter media 142, such as by cross-flow filtration across filler
media 142, To facilitate understanding of FiG. 1, filter media 142 is shown only in
cross-saection, although i is understood to surround rib 118, Filter media 142 may be
integrated directly with rib 118, or may be attached or coupled to rib 118 as part of a
housing 114 (not shown). Exemplary housing 114 is described below with reference
to FIG. 7. In some embodiments, tapered-helical coil 112 may include groove 152
and gasketing rod 160, which are described in further detad below with reference to
FIG. 8. Rib 118 of tapered-helical coil 112 may form a flow guide for particle flow
path 138 and fluid flowing through filtration device 100, In some embodiments, rib

118 may comprise a continuous fiow guide {s.g., unbroken from start to finish) along
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the fluid flow direction from first opening 122 to second opening 124, in some
ambodiments, particle flow path 138 may be substantially unobstructed {o faciiitate
the flow of filtered particles toward second opening 124 along rib 118 In some
embodiments, residue collection unit 170 (&.¢., for collecting filtered particles) may
be provided at second opening 124 of tapered-helical coil 112, Filter media 142 {e.g.,
a mesh or membraneg) may be provided around taperad-helical coil 112 {e.q.,
partially or completely surrounding lateral sides of the revolutions of ribs 118), such
as shown in FiG. 1, io allow the filtrate {0 be separated from the residus, such as by
cross-flow filtration along particle flow path 138. Residue coliection unit 170 includes
a filter media 172 of its own, which may be the same or different from filter media
142 and housing 174.

{148} In operation, fluld and suspended particles enter an inlet of the
tapered-helical coil, such as from the larger diameter end, such as shown in FIG. 1.
The fluid flow pushes the particies and fluid radially outward toward the sides of the
coil to create vortices 136, As shown in FIG. 1, filter media 142 surrounding tapered-
helical coil 112 prevenis particles from exiting the filter. Meanwhile, filtered fluid flow
102 exits through filler media 142 between revolutions of rib 118, such as by cross-
flow filtration. The geometry of tapered-healical coil 112 causes particies to travel with
vortices 136 along the coil along a particle flow path 138 along rib 118 toward the
outlet as fiud flows through the filter. In addition, particles may accumulate in residue
coliection unit 170 where they are contained by filter media 172 while filtered flow
102 also exits through a collection unit outlet 174 and via sides of residue collection
unit 170. Collection unit outlet 174 may also be covered by filler media 172.

{149] Vortices 136 generated by tapered helical coll 112 cause particles

to be constantly mixed baclk into the fluid flow, either along particle path 138 or back
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into the center of coll 112, These vortices also contribute to cross-flow filtration
across filter media 142. Because vortices 136 cause the particles 1o remain in
suspension rather than becoming caked on filter media 142 or collecting on rib 118,
the formation of vortices 136 and particle flow path 138 towards second opening 124
prevent buildup of filtered particles along filter media 142, thereby maintaining filter
gfficiency over continued use. Filter media 142 can be configured to appropriaiely
filter {(e.0., using a particular pore size) particles of a cerlain size. Filler media 142
can also be configured based on desired coliection parameters. For example, the
filter described herein may be configured to capture approximately 90% or more by
mass of microparticles when post filtered (¢ 10 micrometers in size when measuraed
using aither the method of Example 1, Exampls 2, or Example 4.

{1501 Furthermaore, the motion of particles induced by vortices 136 may
cause the particles to collide with one another, resulting in flocculation to create
larger particles which are easiar to filter out, whereas smaller particles might be able
to pass through the filter media. Flocculiation induced by the vortices may provide
better efficiency in a filter, allowing it {o capture particles even though its filter media
may have a pore size larger than the particles being captured. Also, due to vortices,
particles are pushed toward second opening 124 of the filter while the tapered-helical
coit 112 and filter media 142 remain relatively clean. The particles can be collected in
coliection unit 170 arranged at second opening 124, which may be at the narrow end
of the coil. In some embodiments, coliection unit 170 may, in some embodiments,
act similarly to a dead-end filter except that fiuid flow may be reduced at collection
unit 170 compared to convertional dead-end filters because the primary filtration
occurs through filler media 142 along tapered-helical coil 112, such as by cross-flow

filtration. Also, because filtrate fluid can exit via filter media 142, a pressure drop
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across filter media 142 and collection unit 170 can be reduced or eliminated. in some
ambodiments, collection unit 170 may include a removable cup so that particle
residue {e.q., a filter “cake”) can be easily discardad from the filter. In some
embodiments, collection unit 170 may act similarly to a cross-flow filter, or some
other type of filter. In some embodiments, the collection unit inciudes a second stage
of filtration that allows additional removal of particles. For example, rather than a
dead-end filter, the second stage filtration may provide further filtration or discharge
of the filtered particles using a continuous flow of another fluid so that there is no
need to pericdically stop and clean the filter or coliection unit.

{151} FIG. 2 also shows components of an exemplary filtration device
consistent with embodiments of the disclosure. A filtration device is shown having
two parts: a tapered-helical coil 112 and a housing 114. In some embodiments,
housing 114 may include filter media 142 (not shown). In some embodiments, there
may be further parts, including one or more parts shown in FIG. 1, such as a residus
collection unit. As shown in FIG. 2, tapered-helical coll 112 may be inserted into
housing 114 as shown by arrow 116. For example, tapered-helical coil 112 and
housing 114 may be sized and shaped such that tapered-helical coil 112 can be
disposead inside housing 114, which may comprise filter media 142 (not shown), to
facilifate assembiy of a filtration device.

{152} FIGS. 3A-3D show exemplary tapered-helical coils 112 in more
detail. Tapered-helical coil 112 can be a unitary (e.¢g., monolithic) or multi-piece
component having a spirally oriented rib 118. Tapered-helical coll 112 may be
configured to generate vortices along rib 118, Rib 118 may coil info a funnel-shaped
voriex that revolves about central axis 120 between adjacent revolutions of rib 118.

in operation, fluid flow enters at first opening 122, as indicated by arrow 126. First
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opening 122 may be formed at a first end of tapered-helical coll 112. The first
opening of taperad-helical coil 112 may be the relatively wider of two ends of
tapered-healical coil 112, The opening may refer {0 the cross-sectional flow area open
for fluid flow through tapered-helical coil 112 in the direction indicated by arrow 126,
As fluid passes through tapered-helical coll 112, filtrate fluid can exit from lateral
sides (2.g., spaces between revolutions of rib 118) of tapered-helical coil 112, Fluid
can also exit through second opening 124. Tapered-helical coil 112 may, when
surrounded by the housing 114 or other filter media 142, form g flow guide that
influences fluid flowing through the filter. Tapered-helical coll 112 may generate
vortices, such as vortexes, eddies, or any fluid flow mechanism that entrains,
concentrates, or transports particles suspended tharein, generally along a spiral,
looping, or winding path along rib 118 towards second opening 124,

{153} A filtration region may be configured around the exterior of the
tapered helical coil betweaen revolutions of rib 118 between first opening 122 and
second opening 124. The formation of vortices may encourage particle movement
toward second opening 124, such as along rib 118, as described with reference to
FIG. 1. In some embodiments, second opening 124 may open into a collection
region where particies are collected or a waste discharge fiow, while the filtration
region remains relatively particle-free.

{154} Tapered-helical coll 112 may form a continuous flow guide along rib
118, For example, rib 118 may include a relatively unbroken rib from first opening
122 1o second opening 124, In some embodiments, rib 118 may form a functionally
continuous flow guide between adiacent revoiutions of rib 118 such that any
discontinuities along the flow path aiong rib 118 do not significantly obstruct the fluid

or particie flow in direction 138. Rib 118 may be uninterrupted. Rib 118 may be
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formed from a contiguous, single piece of material with no gaps, providing a flow
path from fluid inlet 122 to narrow end 124 along the helical path of tapered-helical
flow guide 112, The flow path includes vorticas 136 generated by fluid flow impinging
on rib 118 via concentrically smaller radial rotations of rib 118 about axis 120 of
tapered-helical coil 112.

{155] A single rib 118 may have ceriain advantages for the design of
tapered-helical coil 112. For example, a single rib 118 may provide for batter voriex
generation because the helical shape of the rib may provide for a sharper angie of
incidence because the rib face may be more perpendicular the input flow direction
126, The raker reduction ratic B/o may also contribute o vortex formation. A single
rib 118 may, in some embodiments, complete between 2 and 8 revolutions between
first opening 122 and second opening 124. For example, the rib may complete 2.0,
225 233,25, 266,275 3.0, 3.25,333,35,366, 375,40, 425 433,45, 466,
475 50,525 533, 55,566, 575, or 6.0 revolutions between first opening 122
and second opening 124, Providing for more revolutions, such as by a singie rib,
combined with the raker reduction ratio may facilitate improved vortex generation
and filtering of the fluid, as well as facilitate the movement of filtered particles
towards second opening 124 for collaction.

{15861 Although certain embodiments are shown having a single rib 118,
tapered-helical coll 112 may include a plurality of ribs 118. For example, tapered-
helical coil 112 may include two ribs 118, where each rib creates a tapered coil
shapes opposite the opposing rib. The use of multiple ribs may be advaniageous in
some applications because it allows for tapered-helical coil 112 {o maintain a lesser
spacing between adjacent ribs while permitting steeper pitches to the coil. In this

way, the raker reduction ratio B/a of the rib's projection into the coil {described
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below) or other parameters can be more readily controlled in certain embodiments.
The use of multiple ribs also allows for altermnating ribs to have differing dimensions,
providing furthear control of the design of tapered-halical coil 112, In some
embodiments, {apered-helical coil 112 may include two, three, four, or five ribs. In
some embodiments, the multiple ribs may be evenly spaced around the
circumference of tapered-helical coil 112, In other embodiments, the multiple ribs
may ba unavenly spaced around the circumference of tapered-helical coil 112, In
some embodimenis, each of the mulliple ribs may have the same or similar cross-
sactional shapes. In other embodiments, one or more of the multiple ribs may vary in
cross-sectional shape, thereby permitting varying raker reduction ratios Bl
{described below) within tapered-helical coll 112,

1571 In addition to or alternative to rib 118, tapered-helical coil 112 may,
in some embodiments, include structure such as a vane, blade, plate, panel, slat, fin,
sirip, obstruction, or any solid member configured o cause a perturbance in fluid
flowing past it. Rib 118 may act like a baffle to cause perturbation in flowing fluid
over it, which may generate or contribuie {o forming vortices in tapered-helical coil
112. Rib 118 may spiral from first opening 122 o second opening 124 with a
decreasing radius. The radius may be measurad from apus 120 outward in a direction
orthogonal to axis 120. A shape of rib 118 may be 3 spiral, twist, curve, corkscrew,
decreasing radius tumn, logarithmic spiral, or Archimedean spiral. In some
ambodiments, the rib may comprise a d-type rib, such as a backwards-facing d-type
rib.

{158] Various parameters of tapered-helical coll 112 may be adjusted
based on fitering parameters or performance. For example, tapered-helical coll 112

may be sized and shaped with varying numbers of revolutions of rib 118. Further
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parameters may include rib dimensions such as rib width, rib height, rib cross-
sectional shape, rib angle {e.g., inclination of rib front or rear swrfaces relative 1o axis
120 (FIG. 15)), and helix dimensions such as halix pifch, helix height, helix
inclination, helix eccentricity, helix angle (e.q., a degree of tapering of tapered-helical
coit from first opening 122 to second opening 124), and others. In some
embodiments, tapered-helical coil 112 may be made as a unitary componeant, such
as by injgction molding, machining, extrusion, and other manufacturing techniques.
Tapered-helical coil 112 can also be assembled from component parts that are each
manufactured separaiely.

{158] in some embodiments, the tapered-helical coil 112 may include one
or more pressure regulating machanism. In some embodiments, as shown in FIGS.
3B-3D, the tapered-helical coll 112 the pressure regulating mechanism includes a
plurality of pressure reguilating holes 115, The pressure reguiating holes 115 extend
from the inner diameter of taperad-helical coil 112 to the outer diameter of tapered-
helical coil 112 and act to relieve back-pressure within the coll, for example, over
continued use as collected particles impede the flow of filtered fiuid through the filer.
Pressure regulating holes 115 may mitigate back pressure within a filtration system
by diverting pressure away from the inlet, for example, by diverting back prassure
radially ocutwards at first opening 122, thereby preserving the lifespan of system
components, such as pumps or hoses, that may be susceplible o backpressure
upstream of the filtration device. The embodiment of FIGS. 3B-3D includes five
pressure regulating holes 115 radially spaced around the circumference of the first
opening 122, In other embodiments, the number of pressure reguiating holes 115
may vary. For example, the number of pressure regulating holes 115 may vary

based on the diameter of the holes. For example, sach pressure reguiating hole may
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have a diameter in a range, including the end points, between 0.03 and 0.50 in,,
such as betwean 0.03 and 0.40 in., between 0.03 and 0.30 in., between (.03 and
0.20 in., batwean 0.03 and 0.10 in., betwaen 0.03 and 0.08 in., between 0.03 and
0.08 in., between 0.03 and 0.07 in., between 0.03 and 0.05% in., between 0.10 and
0.50 in., between 0.20 and 0.50 in., between 0.30 and 0.50 in., between 0.40 and
0.50 in., betwean 0.10 and 0.40 in., between 010 and 0.30 in., between 0.10 and
0.20 in., between 0.03 and 0.20 in., betwean 0.03 and 0.15 in., between 0.03 and
0.13 in., between 0.03 and 0.12 in., between 0.03 and 0.11 in., between 0.03 and
0.10 in., between 0.03 and 0.09 in., between 0.03 and 0.06 in., between 0.03 and
0.05 in., between 0.04 and .08 in., between 0.04 and 0.07 in., between 0.04 and
0.06 in., betwean 0.05and 0.10 in., betwaen 0.05 and 0.7C in., betwaen 0.06 and
0.101in., 0.06 and 0.08 in, or between .08 and 0.10 in. In one embodimeant, the
pressure reguiating holes 115 may have a diameter of 0.07 in. In other
embodiments, the pressure regulating holes 115 may have a diameter of 0.05 in,
0.06 in., .08 in., or 0.09 in. In other embodiments, the number of pressure
regulating holes 115 located on the tapered-helical coil 112 may range from 1 {o 50,
suchasfrom5t0 30, from5t0 15, from S to 10, from 3t 7, from 7 1o 12, from 10 to
20, or from 10 to 15, In other embodiments, tha number of pressure regulating holes
M5maybe 1,2, 3, 4,567, 8 9 10, 11,12, 13, 14, or 15,

{160} One or more of the pressure regulating holes may include a
pressure release mechanism. in some embodiments, the pressure release
mechanism may include a prassure relief valve (not shown) that is configured (o
open when the pressure within the tapered-helical coil 112 reaches a defined
threshold. The pressure relief vaives may operate as pressure check valves. In some

embodiments, the pressure relief valve may include an umbrella valve. The

54



WO 2023/172344 PCT/US2022/082570

pressure relief valve may be configured to default {0 a closed position, thergby
preventing fluid from exiting the interior portion of tapered-helical coll 112 through
pressure relief holes 115, The pressure relief valve may be configured o open at a
predefined pressure threshold thereby allowing fluid to exit the interior portion of
tapered-helical coil 112 through pressure relief holes 115, which prevenis back-
pressure upstream of tapered-helical coil 112, thereby preventing damage {o other
system components, prevanting flow faulls or pressure fauits, and exiending the
number of uses of the filirgtion device between cleanings. For example, when used
as a filiration device for a washing machine, the filtration device may be able to filier
discharge fluid from 2 to 20 loads before reguiring cleaning, for example, between 5
ta 15 loads, from 5 to 10 loads, from 10 to 20 loads, from 15 to 20 loads, from 310 10
loads, from 3 {o 7 loads, from 4 to 10 loads, from 4 to 8 lcads, from 5 to 8 loads, from
7 t0 12 loads, from 810 13 loads, from 11 {0 13 loads, from 13 to 17 loads, or from
16 10 20 loads. In some embodiments, the fillration device, for example, including the
pressure relief mechanism, may be able to filter discharge fluid from 2, 3, 4, 5, 8, 7,
8,9 10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20 lcads before reguiring cleaning.
Cleaning may be requirad because, for example, the collected filtered particles from
the loads since the last cleaning have impeded the flow throughput o a sufficient
tevel o prevent sufficient filtration.

{161} According to some embodiments, the pressure relief valve may
open when the back prassure within the filtration system, such as at the pressure
relief valves, reaches a pressure ranging from 1 10 10 pst. In some embodiments, the
pressure relief valve may open when the back pressure within the filtration system,
such as atl the pressure relief valves, reaches a pressure ranging from 2 to 5 psi,

from2to4psi, fromZ2to3 psi, from3to 4 psi, from4to B psi, fromSio 7 psi, rom B
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io 8 psi, or from 7 10 8 psi. According to some embodiments, the pressure relief valve
may open when the back pressure within the filtration system, such as at the
pressure relief valves, reaches a pressure of 2.5 psi, 2.6 psi, 2.7 psi, 2.8 psi, 2.8 psi,
30pst 31 pst, 32 psi, 3.3 psi, 34psi, 3.5psi, 3.6 psi, 3.7 psi, 38psi, or39psi, 4.0
psi, 4.1 psi, 4.2 psi, 4.3 psi, 4.4 psi, 45 psi, 4.6 psi, 4.7 psi, 4.8 psi, 4.9 psi, or 5.0
psi.

[162] FIGS. 4A-4C show examples of helix eccentricity, consistent with
some embodiments of this disclosure. FIGS. 4A-4B are top cross-sectional views of
exemplary tapered-helical coil 112, for exampile, viewed from first opening 122 in the
direction of fluid flow parallel to arrow 126, As shown in FIG. 44 tapered-helical coil
112 may have a generally circular cross section along axis 120, whers rib 118 spirals
around axis 120 in g decreasing radius along axis 120 towards second opening 124
having a rib overlap a of each revolution. Thus, the size of the cross-section may be
smaller the closer to reaching second opening 124, In some embodimants, the
cross-section of tapered-helical coll 112 may have other geometries at any given
poirt along axis 120. Rather than having circular cross sections, in some
embodiments, tapered-helical coil 112 may be configured to have a degree of
gecentricity. As shown in FIG. 48, in some embaodiments, taperad-helical coil 112
may be eccentric and may roughly have the shape of an ellipse. In some
embodiments, the cross-seclional shape of tapered-helical coill 112 may deviate from
a circular shape in other ways, for example, octagonal, as shown in FIG. 4C. In
some embodiments, cross-sections of tapered-helical coil 112 may be circular,
giliptical, triangular, square, pentagonal, hexagonal, octagonal, or other geometric
cross-section. Tapered-helical coil 112 may spiral clockwise or counterciockwise in

various embodiments when viewed along axis 120 from first opening 122
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{163} Fi(s. BA is a vertical cross-sectional view of tapered-helical coil 112
taken along the section cut 5-5 shown in FIG. 3. As shown in FIG. 5A, rib 118 can be
configured to have a uniform rib width 127, which may refer to a dimension having a
distance measured from an inside edge of rib 118 {o an outside edge of rib 118.
Also, rib 118 may have a uniform rib height 128, which may refer {0 a dimension
measured from a lower surface of rib 118 facing first opening 122 10 an upper,
opposite surface of rib 118 {(e.g., the surface facing second opening 124}, Although
rib 118 is shown having a generally rectanguilar cross-section in FIG. BA, some
embodiments may include non-rectangular cross-sections, such as other
guadrilateral cross-sections, such as, for example, square, trapezoidal, or rhombaoid.
in other embodiments one or maore surfaces of the cross-section of rib 118 may be
curved to facilitate the formation of vortices or to act as a flow guide for particle flow
path 138 along rib 118 towards second opening 124,

[164] Tapeared-halical coll 112 may include a support structure 119,
Support structure 119 may provide struciural support for rib 118, Support structure
119 may include a material that fills a space between rib 118 and a bearing surface
1271 of first opening 122, Support structure 119 may provide additional area for rib
118 to attach {0 bearing surface 121 and may maintain strength and alignment of rib
118, such as during manufacturing or to prevernt the coll section of taperaed-helical
coit 112 from becoming misaligned or breaking off from strains induced during
operation. Support structure 119 may be provided for a predetermined angular
tength, for example, for about 0.25 revolutions {80 degreas) about axis 120, or any
other amount sufficient {o provide an appropriate amount of support or stability. In
some embodimenis, a range for angular span of support structure 119 may be from

about 1 degree to 270 degrees, such, for example, 30 degrees, 45 degrees, 60

57



WO 2023/172344 PCT/US2022/082570

degrees, 75 degrees, 90 degrees, 105 degrees, 120 degrees, 135 degrees, 150
degrees, 165 degrees, 180 degrees, 195 degrees, 210 degrees, 225 degrees, 240
dagraes, 255 degrees, or 270 degrees. In some eambodiments, support structure 119
may be solid. In some embodiments, support siructure 119 may include openings to
allow fluid flow to pass through it. A second support structure (not shown) may aiso
be provided at second opening 124 in addition or alternatively to support structure
119

{165] As also shown in FIG. A, tapered-helical coil 112 may have a helix
height 130, which may refer to a dimension measured from a first end of rib 118
located closest o first opening 122 (e.q., a proximal end of tapered-helical coil 112)
to the other end of rib 118 {e.q., a distal end of tapered-helical coll 112, which may
be at second opening 124).

{168} Tapered-helical coil 112 may have a first helix outer diameter 135,
which may refer 1o the diameter of the ouler circumference of the helical shape of the
coil at first opening 122. Tapered-helical coil 112 may have a second helix outer
diameter 132, which may refer {0 the diameter of the cuter circumference of the
helical shape of the coil at second opening 124. Tapered-helical coil 112 may also
have a first helix inner diameter 133, which may refer to the diameater of the inner
circumference of the helical shape of the coll at first opening 122. Tapered-helical
coit 112 may also have a second helix inner diameter 131, which may refer (o the
diameter of the inner circumference of the helical shape of the coil at second
opening 124. Tapered-halical coil 112 may have a generally conical shape such that
sacond helix inner diameter 131 is less than first helix inner diameter 133. Similarly,
second helix outer diameter 132 may be is less than first helix outer diameter 135.

{1671 Although it is preferred that first helix cuter diameter 135 is larger
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than second outer helix diameter 132, it is contemplated that these diameters may
be the same in some embodiments, provided that first helix inner diameter 133 is
targer than second inner helix diametar 131, Such a configuration may be beneficial
in particularly small diameter applications, such as blood filtration, or where rib 118 is
angled or otherwise shaped to further promote fluid flow along particie flow path 138
to prevent the bulldup of residue onrib 118.

{168] Tapered-helical coil 112 may have a helix pitch 134 that s a
dimension measured paraliel to axis 120 between midpoints of two adjacent
revolutions of rib 118, similar {o the pitch of screw threads. In some embodiments,
helix pitch 124 may be vanable. In some embodiments, helix pitch 134 may be
uniform.

{169] Certain tapered-helical coils 112 may be described by a raker
reduction ratio (B/a) determined by the ratio of the slot height (B) between surfaces of
adiacent revolutions of ribs 118 divided by the rib overlap (o) between innear surfaces
of adjacent revolutions of rib 118 into the central opening of tapered-helical coil 112.
Slot height B is measured between adjacent surfaces of rib 118, such as shown in
FIG. 5A. In embodiments where tapered-helical coil 112 containg more than one rib
118, slot height B is measured between the surfaces of adjacent ribs 118, Siot height
B in FIGS. 5A and 17 are shown for generally parallel surfaces, such that the
measurement is taken between the parallel surfaces. However, if the adjacent
surfaces are non-paraliel over the length of the siot, then siot haight B is measured
as the average slot height between adjacent surfaces for the period that the surfaces
overiap. Rib overlap « indicates the distance that progressively narrower revoiutions
of rib 118 protrude inic the opening formed by the previous revolution of rib 118, For

example, when viewed in FIG. 5A and the view of FIG. 44, rib overlap a may be
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ochserved as the decrease in the inner radius {(measured from axis 120 to the inner
adge of rib 118) of each revolution of rib 118, Like slot height B, in embodiments
where tapered-halical coll 112 contains more than one rib 118, rib overlap o 18
measured between the inner surfaces of adiacent ribs 118, Rib overlap a in FIG. 5A
is shown for parailel inner surfaces, however, if adjacent inner surfaces are non-
parallel, then rib overlap o is measured from the midpoints of adjacent inner adges.
170} In some embodiments, taperad-helical coil 112 may have a raker
reduction ratio B/a between about 3.0 to 4.0, accounting for {olerances of
manufacturing. In some embodiments, the raker reduction ratio B/a may be
configured based on the type of fluid 10 be fillered, the type and size of particle to be
filtered, the flow parameters of the fluid {0 be fillered, and the scale of the operation,
including whether the filtered particies are {0 be collected or passed into a
continuous discharge fliow. In some embodiments, the raker reduction ratio B/a may
ba less than 3.0, or may be greater than 4.0 In some embodiments, tapered-helical
coit 112 may have a raker reduction ratio /o in a range between about 0.1 and 10,
such as, for example, between 0.1 and 0.5, between 0.25 and 0.75, between about
0.5 and 1.0, between about 0.75 and 1.25, betwesn about 1.0 and about 10.0,
betweaen about 1.0 and 6.0, betwesn about 2.0 and 5.0, between about 2.5 and 4 5,
between about 3.0 and 4.0, betweaen about 1.0 and 3.0, between about 2.0 and 3.0,
between about 3.0 and 7.0, between about 4.0 and 6.0, between about 5.0 and 10,
betweaen about 5.0 and 6.0, between about 6.0 and 7.0, between about 7.0 and 8.0,
batwean about 8.0 and 9.0, betwaen about 9.0 and 10, between about 6.0 and 8.0,
between about 7.0 and 8.0, or between about 6.5 and 8.5, All ranges recited in this
disciosure, whether reciied as “between” or otherwise, are understood to be inclusive

of the end points of the range. Thus, "between X and Y is understood to be inclusive
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of the values X and Y, in addition to the values therebstween.

171} in some embodiments, for example when filtering microplastics, a
rakear reduction ratio Bfa value of between 3.0 {0 4.0 may be more effective at
causing fluid to be redirected in vortices 136 as the fluid impinges on rib 118 at
locations having progressively narrowing helix inner diameter {e.q., rib overlap a.

{172} In some embodiments, the raker reduction ratio B/a may be uniform
along the length of tapered-helical coll 112, In other embodiments, the raker
reduction ratio B/a may vary along the length of tapered-helical coll 112.

{173} Tapered helical coill may also have an ouler raker reduction ratio
Biv, where v is the rib extension and indicates the extenior counterpart to rib overlap ¢
for outer adjacent surfaces revolutions of rib 118, as shown in FIG. 53A. The valus of
outer raker reduction ratio Bfy may be similar to that described for the raker reduction
ratio P/a above. In some embodiments, such as for uniform cross-sections of rib 118
and uniform helix piiches, the outer raker reduction ratio By may be the same as the
raker reduction ratio B/a. In other embodiments, the raker reduction ratio B/a may be
different from outer raker reduction ratio Bfy, such as when rib 118 has a non-uniform
cross-section along the length of tapered-helical coll 112 or where multiple ribs 118
have different properties for adjacent ribs.

{174} in some embodiments, it is believed that tapered-helical coil 112
aids in particle filtration by redirecting fluid flow when fluid enters tapered-helical coil
112 in the direction of arrow 126, Tapered-helical coil 112 causes fluid to be
redirected in fluid vortices 136 as the fluid impinges on surfaces at progressively
narrower revolutions of rib 118 1o create vortices 136, As the fluid flow impinges rib
118, redirected fiuid in vortices 136 serves o keep particles in suspension and

promotes overall movement of particies toward second opening 124. Vortices 136
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may facilitate travel of suspended particles generally in a helical flow path, as may
be indicated by particie flow path 138, along rib 118, Vortices 136 may serve to
swaep away or keep suspended particlas that may otherwise become lodged on or
against rib 118 or fiter media 142, thereby returmning the particles to suspension and
promoting collection or discharge of the particles at second opening 124. Particles
exiting tapered-helical coil 112 at second opening 124 may be collected for disposal
while filtered fluid exits coll 112 through filter media 142. Particles may include any
solid or other object desired {o be removed from a fluid. Size of particles may be
dependent on filtering application, such as microparticle filtration or ocean waste
cleanup. Particles may include suspended solids, microparticles, biological celis, cell
products, vasicles, exosomes, microplastics, solid waste, plastic bottles, plastic
bags, or any other target object to be removed from fluid.

{175] Rib geometry may affect particie filtration performance and may be
tallorad to particular applications, such as particular fluids, particle sizes, or available
space or manufacturing constraints. it is believed that using a tapered-helical rib
configuration may better facilitale particle filtration by beneficially redirecting fluid
flow when fluid enters tapered-helical coil 112 in the direction of arrow 126 into
vortices 136 to keap particles in suspension, while allowing the filtrate fluid to pass
through filter media 142. Rib 118 may be “backward-facing” in that it may have an
increasingly smaller inner radius in the ceniral fluid flow area in the plane orthogonal
to apus 120 as it completes each revolution in a helical manner due (o the
progressive narrowing of tapered-helical coll 112, as shown in, for exampie, FIGS. 1,
44, and 5A. The effective diameter of central fiuid flow area in the plane orthogonal
to axis 120 may correspondingly decrease with each revolution of rib 118.

{176} Rib 118 may have varying dimensions and permutations according
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i0 various design parameters. For example, in some embodiments, as shown in
FIG. 5B, tapered-helical coil 112 may taper only with respect {o an inner edge of rib
118 while the outer surface of tapered-helical coll 112 may be substantially
cylindrical, or, in some embodiments, may have a diverging shape. Spaces between
adjacent revolutions of rib 118 may allow filtered fluid to exit via filter media 142
through the sides of tapered-helical coll 112, Meanwhile, vortices 136 generated by
rib 118 promaote the movement of filtered particles toward second opening 124, In
the example of FIG. 5B, rib width 127 increases from first opening 122 to second
opening 124, In the example of FIG. 5B, helix outer diameter may remain constant,
while helix inner diameter gradually decreases along axis 120 from first opening 122
toward saecond opening 124.

771 it may, in some embodiments, be advantageous to configure
tapered-helical coil 112 to have certain or varying values of the raker reduction ratio
Bia corrasponding to certain conditions, for example, flow rate, particle
concentration, fluid viscosity, or other characteristics of the fluid or particles. In some
embodiments, because fluid can exit freely via lateral sides of tapered-helical coil
112 {e.q., through spaces between revolutions of rib 118), flow rate in the direction of
arrow 126 may change along axis 120 toward second opening 124. i may be
advartageous to use a different value of the raker reduction ratio B/a in different
regions of tapered-helical coil 112 o maintain or promote flow rates, in particular as
the concentration of filtered particles per volume of fluid may increase {owards
second opening 124 as compared to first opaning 122, In some embodiments, the
raker reduction ratio B/a may range from a first ratio to a second ratio along axis 120
Values for the first and second ratios may be various combinations of the raker

reduction ratio B/a described above, both in increasing ratio and decreasing ratio
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between first opening 122 and second opening 124, although ratios in the ranges
between 1.0 and 6.0, between 2.0 and 5.0, betwean 2.5 and 4.5, and batwean 3.0
and 4.0, may be preferred for some applications.

{178] As shown in FIGS. 5C-5D, tapered-helical coil 112 may have a
varying rib width 127, Rib width 127 may increase or decrease along axis 120 from
first opening 122 toward second opening 124, as shown by the dashed lines in FIGS.
5C-5D. FIG. 5C shows an example of rib width 127 increasing along axis 120 from
first opening 122 toward second opening 124, This may result in a lesser cross-
sactional taper on the outside of tapered-helical coil 112 and a greater cross-
sectional taper on the inside of tapered-helical coil 112, Therefore, siot height B may
remain constant while rib overlap a may increase aglong axis 120, resulling in &
varying decreasing raker reduction ratio Bfa from first opening 122 to second
opening 124

[179] FiG. 5D shows an example of rib width 127 decreasing along axis
120 from first opening 122 toward second opening 124, This may result in a greater
taper on the outside of tapered-helical coil 112 and a lesser taper on the inside of
tapered-helical coil 112. Slot height B may remain constant while rib overlap « may
decrease along axis 120, Thus, a varying value of the raker reduction ratio Bfa may
resuit. Rib width 127 may be configured so that rib overlap a ranges from a first
value at first opening 122 to a second value at second opening 124, The raker
reduction ratio B/a may also remain constant with decreasing Bfy ration from first
opening 122 1o second opening 124,

{180] In some embodiments, tapered-helical coil 112 may progressively
increase or decrease in helical pitch, such as shown in FIGS. 5E-5F, respectively.

That is, helical pitch of rib 118 may be variable. In some embodimeants, the varied
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helical pitch may result in the profile of lateral side surfaces of tapered-helical coll
112 containing filter media 142 {0 be curved.

[181] As shown in FIGS. 5E-5F, tapered-helical coil 112 may have a
varying helix pitch 134, Helix pitch 134 may increase or decrease along axis 120
from first opening 122 toward second opening 124. FiG. 5k shows an example of
helix pitch 134 increasing along axis 120 from first opening 122 toward second
opening 124, FIG. 5F shows an example of helix pitch 134 decreasing along axis
120 from first opening 122 toward second opening 124. Varying helix pitch 134 may
present another degree of design flexibility {0 configure tapered-helical coil 112
according to desired parameters. Furthermore, parameters of tapered-helical coil
112 may be varied using a combination of methods, for exampie, combining a
varying rib width 127, as in FIGS. 5C-5D with varying helix pitch 134 as in FIGS. 5E-
5F. kither or both of these variations may be combined with other variations, such as
varying cross-section profiies of rib 118, the use of multiple ribs 118, or other
varigtions described herain.

{182} FiG. & shows an example of a gasketing rod 160 provided in groove
152 of rib 118, consistent with embodiments of the disclosure. Rib 118 may be
provided with a groove 152 configurad 1o house gasketing rod 180 that seals
tapered-helical coll 112 against filter media 142, For example, as shown in FIG. 1,
tapered-helical coll may be abutted against filier media 142 and sealed with
gasketing rod 160 (shown only in cross-saction) provided in groove 152, To facilitate
the description of FIG. 1, gasketing rod 160 is shown only in cross-saction adjacent
to fiter media 142, although #t is undersiood that gasketing rod 160 and filter media
142 surround tapered-helical coll 112 as described herein. In some embodiments,

gasketing rod 160 may be used to seal against support member 140, described
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below, rather than against filler media 142. The exiernal face of rib 118 may inciude
a concave portion into which gasketing rod 180 can be seated. Gasketing rod 160
may ensure a tight fit against housing 114 when tapered-helical coll 112 is nasted
inside housing 114 in some configurations. Gasketing rod 180 may be formed from 3
resilient material or sealing material. For example, in some embodiments, gasketing
rod 160 may be formed of a rubber- or silicone-based material. Gasketing rod 160
may be a unitary or multi-piece component.

{183] FiG. 17 shows a further embodiment of tapered-helical coil 112
having a rib 118, Rib 118 of the embodiment shown in FIG. 17 includes ridges 156,
which may be adjacent to mesh 142 (not shown in FIG. 17). Although ridges 156 are
shown on both the inlet-facing and outlet-facing sides of rib 118, # is contemplated
that oniy one ridge 156 may be present in some embodiments. Ridges 156 may
facilitate the maintenance of vortices 136 along particle flow path 138 and also
further prevent buildup of particles by reducing sharp comers where particles may
accumulate, thereby promoting the self-cleaning operation of the filter device.

{184} As also shown in the embodiment of FIG. 17, in some embodiments
rib 118 forms a larger portion of the radius of helical coll 112 than FIG. 5A. For
axampla, in some embodiments, at first opening 122 of FIG. 17, rib 118 has a width
that may be about 50% of the diameter of the tapered-helical coil (e.g., the inside
radius is about half of the outside radius), whereas in other embodiments, such as
FIG. 54, rib 118 may be about 30% of the radius of the tapered-helical coll at first
opening 122 {e.g., the inside radius is about two-thirds of the outside radius).
Similarly, in the embodiment shown in FIG. 17, the rib width at second opening 124
comprises more than 95% of the radius of tapered-helical coil 112 (the rib width is

more than 85% of the outer radius of tapered helical coil 112 at second opening
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124, whereas in the embodiment shown in FiG. 5A, the rib width at second opening
124 may comprise about 55% of the radius of tapered-hslical coil 112 (the rib width
is about 55% of the outer radius of tapered helical coil 112 at second opening 124).
in some embodiments, where the width of rib 118 comprises a greater proportion of
the tapered-helical coil radius may facilitate vortex formation and promoies
movement of the filtered particles along particle path 138 while the filtrate fluid
passeas through mesh 142 (not shown)}, thereby increasing filtration efficiency,
reducing buildup of filtered particles, and improving filter operation. In other
embodiments, the width of rib 118 at first opening 122 may comprise about 33%,
5%, 40%, 45%, 50%, 55%, or 60% of the radius of tapered helical coil 112, In some
embodiments, the width of rib 118 at second opening 124 may comprise about 60%,
B5%, 70%, 75%, 80%, 85%, 90%, 85%, 96%, 97%, 98%, or substantiaily the entire
radius of tapered helical coil 112. It will be recognized that even when rib 118
comprises a large proportion of the radius at second opening 124, the filtered
particles and particle path 138 can exit tapered-helical coil 112 in the space adjacent
to rib 118, such as shown in the embodiments of FIGS. 10A-C, 18B-C, and 17.

{185] FiG. 7 shows an example embodiment of housing 114, consistent
with some embodiments of the disclosure. Housing 114 may enclose tapered-helical
coit 112 during operation and may prevent particles from exiting the filter prior to
being coliected for disposal. Housing 114 may inciude a drop-in enclosure, such as
shown in FIG. 2, or a hinge-type enclosure, such as shown in FIG. 8. Filter media
142 may be integrated into housing 114 and provide filtering functions by allowing
the filtered fluid to exit laterally from the filter, while containing particies within the
housing, during use. The tapered-helical path of fluid passing through tapered-helical

coit 112 may tend to prevent buildup of particles on fiter media 142. As shown in
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FIG. 7, housing 114 may include one or more support members 140, In some
ambodiments, support member 140 may be formed {0 have a similar shape o that of
rib 118. Support member 140 may, in some embodiments, include a plurality of
supporting ribs. In some embodiments, support member 140 may align with rib 118
to promote sealing of filler media 142 against rib 118, Support member 140 may
provide support o filter media 142 or rib 118.

{186] Filter media 142 may also be refarred 10 as a filtration media. Filter
media 142 may include a physical filter such as porous membrang, meash, sieve,
strainer, fiber layer, etc., or a chemical filter such as charcoal, activated carbon,
catalytic carbon, ion-exchange media, kinetic degradation flupdon, mixed media,
elemeants configured to react with particles {0 be fillered, etc. or a combination of
physical and chemical media. In some embodiments, filter media 142 may inciude a
mesh screen. The mesh screen may be formed from stainless steel, nvion, or other
fibrous or ductile material. Filter media 142 may include porous material configured
to block solids suspended in the fluid being filtered from passing through filter media
142, Filter media 142 surrounding tapered-helical coil 112 may circumferentially
surround tapered-helical coil 112, Filter media 142 may cover the iasteral sides of
tapered-helical coil 112 so that particles are preventad from axiting tapered-helical
coif along a direction orthogonal to axis 120, and the particles may be forced {o move
along axis 120 from first opening 122 o second opening 124,

{187} In some embodiments, housing 114 may be integrated with filter
media 142, For example, filter meadia 142 may be embedded, integrated, adhesively
attached to, welded (such as plastically welded) to, or molded into support member
140, In some embodiments, filter media 142 and housing 114 may be separable.

Housing 114 may be a unitary or multi-piece component. In some embodiments,
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filter media 142 may be a replaceable component of housing 114,

{188} As shown in FIGS. 2 and 7, housing 114 may be formed in one or
more cormeacted portions to facilitate being placed over {apered-helical coil 112.
Housing 114 may, in some embodiments, include two halves joined together by a
hinged connection 146, Housing 114 may also include fasiening member 144, The
two halves may be substantially the same, for example having similar size and
shape, and with hinged connection 146 and fastening member 144 disposed roughly
or: opposite sides of housing 114, Support member 140 may be formed so as to form
a substantially continuous spiral around housing 114, corresponding to rib 118 of
tapered-helical coil 112. Hinged connection 148 may include a pianc type hinge,
ving hinge, a plurality of hinges, or any other mechanical arrangement for rotatably
connecting parts together. Fastening member 144 may include any mating fastening
alements, such ag, for example, snap fasteners, clips, hooks, slide-on bars, or any
other mechanical arrangement for securing parts together. In some embodiments,
hinged conneaction 146 may be replaced by a second fastening member 144, In
some embodimenis, housing 114 may be a unitary piece without fastening member
144 or hinged connection 146 {o facilitate a “drop-in” or "slide-in” connection with
tapered-helical coil 112.

{1891 Housing 114 may include elements for holding tapered-helical coil
112 in place during operation. For example, as shown in FIG. 5A, a protrusion 150
may be provided on a member that forms first opening 122, Profrusion 150 may
nclude an extermally protruding member, such as an annular lip or pin. Protrusion
150 may abut against a mating surface on housing 114, may facilitate a snap-in or
twist-in fixture, or may be pressed in and turned, such as in an L- or U-shaped sict to

attach tapered-helical coil o housing 114. The connection of protrusion 150 to
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housing 114 may be configured to facilitate alignment of support member 140 with
rib 118. In some embodiments, a gasket may be provided in between protrusion 150
and the mating surface on housing 114 s0 as {o provide a secure seal. The saaling
between protrusion 150 and housing 114 may be fluid-tight.

{180} As shown in FIG. 5A, rib 118 may include groove 152, Groove 152
may be formed as a concavity on an external surface of rib 118. Groove 152 may be
configured 1o mate with a corresponding surface 154 of support membaer 140,
Surface 154 may include a flat surface or may include a convex surface that
protrudes toward the interior of housing 114, In some embodiments, surface 154
may inciude a concave surface that recedes away from the interior of housing 114.
Gasketing rod 160 may rest in groove 152 of rib 118, as shown in FIG. §, and
gasketing rod 160 may mate with surface 154 of support member 140, VWhen
housing 114 is closed arcund tapered-helical coll 112, support member 140 may
engage rib 118 to fix taperad-helical coil 112 into position inside housing 114,

{191] Support member 140 of housing 114 may follow the spiral shape of
rib 118. in some embodiments, support member 140 may have a complementary
shape with rib 118. in some embodiments, rib 118 may taper only on its inside, and
thus, the complementary shape of support member 140 may not taper. In some
embodiments, support member 140 may have the shape of a ring or polygonal
prism. In some embodiments, support member 140 may form cylindrical rings around
housing 114 or be formed of vertical ribs between the first opening and second
opening of housing 114. Such formations may facilitate sasier manufacturing of
housing 114 without impeding the filtering capabilities of tapered-helical coil 112, for
example, because the particle flow path 138 remains continuous or substantially

continuous inside filler media 142. A substantially continuous particle fiow path 138,
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in some embodiments, includes a particle path that may have barriers or
obstructions, such as structural supports, but does not inhibit the formation of
vortices 136 or the flow of particles along particle flow path 138, In some
embodiments, a substantially continuous particle flow path 138 may be provided
substantially along rib 118 of tapered-helical coll 112 but may not start at first
opening 122. In some embodiments, housing 114 may be integrated into tapered-
hielical coil 112 as a unitary structure, rather than separate componenis.

{182] As shown in FIG. 7, housing 114 may include a flow connection
member 148, Flow connection member 148 may include a fastening mechanism,
such as a threaded connection. Flow connection member 148 may include internmal
threads or external threads and may be sized and shaped to mate with
complementary elements of a component supplying fluid into first opening 122 of
tapered-helical coil 112, Flow connection member 148 may be provided at or near
the widest portion of housing 114. Also, a particle collection connection member 158
may be provided at an opposite end of housing 114 from flow connection member
148, Particle collection connection member 158 may include a fasiening mechanism,
such as external threads 158, provided at or near the narrowest portion of housing
114, Fastening mechanisms may also include press fit, snap, bolted, hose clamped,
quick connect connections, and the like. Particle collection connection member 158
may be sized and shaped to mate with complementary elements on a collection unit,
such as residue collection unit 170, In other embodiments, particle collection
connaction member 158 may be configured to mate with a discharge flow, such as a
hose or pipe.

{183} FiG. 8 shows a portion of a cross-section of an example of filtration

device 100 with one half of housing 114 being open about hinged connection 146. In
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some embodiments, filter media 142 may be provided between housing 114 and
tapered-helical coil 112. Tapered-helical coil 112 may be nested in housing 114 with
surface 154 of support member 140 engaging rib 118, In some embodiments,
surface 154 may include a protruding surface that contacts, either directly or via
gasketing rod 160 or filter media 142, rib 118. In some embodiments, surface 154
may inciude a flat or concave surface that may mate with gasketing rod 160 of rib
118, Tapered-helical coil 112 and housing 114 may be configured so that tapered-
helical coil 112 is in a contacting relationship with housing 114 when coupled
togsther. Support member 140 may be aligned with rib 118 in some embodiments. in
some embodiments, support member 140 may be offset from rib 118 or have a
profile different from rib 118,

{194} The exemplary filtration systems described herein provide an
axemplary method for fillering particles from a liquid. In some embodiments, the
method comprises providing a liquid {o be filtered at a first opening of a filtration
device comprising a taperad-helical coil, generating vortices in the tapered-helical
coil via a rib, the rib having a decreasing interior cross-section through which the
fluid flows, providing a flow path aslong the rib for directing particles suspended in the
vortices towards a second opening of the filtration device, and filtering a filtered fluid
through a filier media adiacent to the flow path. Filtration may occur by cross-flow
filtration across the filter media caused by the vortices and particle fiow path along
the rib. The flow path may be between adjacent revoiutions of the rib. In some
embodiments, the flow path s substantially continuous betweaen the first opening and
the second opening. In some embodiments, the first opening is wider than the
second opening. In some embodiments, the flow path is configured so as (o not

inhibit the flow of particles along the flow path towards the second opening.

72



WO 2023/172344 PCT/US2022/082570

{195] It is also contempiated that the filter systems described in this
disclosure may be provided in serigs, such that the second opening 124 of a first
tapered-healical coii may discharge into the first opening 122 of a second {apered-
helical coil. In this way, it may be possible to configure a staged filtration system. In
addition or allernatively, a staged filtration system may be provided in which the
filtrate fluid flow 102 from the first tapered-helical coil is provided o the first opening
122 of a second helical coil. Such staging allows for filtering progressively finer
particle sizes and may improve overall filtration efficiency. For exampile, large
particles may be filtered and collected in a first tapered-helical coil whereas finer
particles may be filtered and collected in a second tapered-helical coil. Where staged
filtration is implemented, the tapered-helical coils may have different geomelrigs {o
facilitate proper filtering at each stage.

{196} FIG. 9A shows an exploded perspective view of an exemplary
system 200 for filtering a fluid. FIG. 2B shows an exploded elevation view of system
200. Although described with reference {o use in washing machines in this example,
systemn 200 may be used in other applications such as blood filtration, water faucet
or dispenser filtration, mass-collection such as wastewater treatment, and other
applications where suspended solids are filterad from fluids. As shown in FIG. A,
system 200 includes filtration device 100 that is joined, at a first end, {0 an inlet
manifold 210, Inlet manifold 210 includes an inlet opening 214 and may include a
pressure relief valve 224, In some embodiments, inlet opening 214 may include an
external connection, such as a camiock quick release attachment mechanism o a
component of a washing machine {e.¢., @ washing machine discharge hose).
Pressure relief valve 224 may allow fluid to bypass the filler if pressure is {00 high.

inlet manifold 210 directs fluid, such as discharge water from a washing machineg,
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into filtration device 100, such as via path 201 shown in FiG. 1A

{187} Systemn 200 may include enclosing member 212 that can be joined
to a manifold cover 216, Manifold cover 216 includes outlet opening 218 that may
include a carmlock quick release attachment mechanism {o a drain line. Enclosing
member 212 may be provided with a fastening mechanism 220, such as external
threads, o join enclosing member 212 with manifold cover 216, When joined, inlet
opening 214 may extend through aperture 222 on manifold cover 218, and enclosing
member 212 and manifold cover 216 may form a fiuid-tight enclosure in which
filtration device 100 is enclosed. in some embodiments, enclosing member 212 may
act as a particle collection member. in other embodiments, enclosing member 212
may enclose a coilection unit, such as collection unit 170, wheraby enclosing
member 212 may be removed o facilitate access o collected particles, either within
enclosing member 212 or in collection unit 170,

{188] FiG. 10A shows a cross-sectional view of an exemplary
embodiment of system 200 that is assembled so as {o enclose filtration device 100
FIG. 10B shows a cross-sectional view of an exemplary embodiment of system 200
having filtration device 100 that includes residue collection unit 170, FIG. 10C shows
a cross-sectional view of an examplary embaodiment of system 200 in which
enclosing member 212 includes a filter media 213, Filter media 213 may further
prevent solids exiling second opening 124 from reaching cutlet opening 218. To
facilitate cleaning, enclosing member 212 may include a separable component at a
point at or below screen 213 so that an operator can dispose of filtered solids from
enclosing member 212.

{199] In some embodiments, enclosing member 212 may include a

removable cup-iike member, preferably at or below mesh 213, when mesh 213 is
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included, in which particles removed during filtering may be collected and disposed
of. In some embodimeants, enclosing member 212 may be joined to manifold cover
216 by mating threads, snap-on connection, cam lock fitting, press fit, interference fit,
press-and-twist fit, or any other fastening mechanism.

{200] Referring to FIG. 104, an exemplary mode of operation of system
200 may invoive flowing a fluid through system 200. In operation, fluid from a fluid
source, such as outlet water from a washing machine, may enier inlet opening 214,
The fluid may include particies to be filtered from the fluid, such as microplastic
particles, suspended therein, and the fluid may be conducted in a hose or pipe
connected (o inlet opening 214. Fluid flows to the inside of filtration device 100 along
path 201 and the fluid, such as water, may fresly flow, through system 200, while
particles to be fillered, such as microplastic particles, may remain suspended until
they impinge an obstacle, such as tapered-helical coil 112 or filier media 142,
Vortices 136 generated by tapered-helical coll 112 may cause particles {0 be swept
by the moving fluid along path 138 to second opening 124 of tapered-helical coil 112
and to exit path 203 of filtration device 100. Particles may be captured in enclosing
member 212, such as by settling. Meanwhile, clean, filtrate fiuid exits filiration device
100 by paths 102 and flows {o outlet opening 218 along path 205, Cutlet opening
218 may be joined 1o a hose or pipe that directs the particle-free fluid to a discharge
flow, such as a sewer line.

{201} FIG. 108 is similar to FIG. 104, except that filtered particles are
capturad in coliection unit 170, which is belisvad o betler collect filtered particles
than relying on settling of the particles as in FIG. 10A

{202] FiG. 10C is similar to FIG. 10A, except that filtered particles are

contained in the bottom of enclosing member 212 by filter media 213, which is
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believed 0 better coliect filtered particles than relying on settling of the parlicles as in
FIG. 10A

[203] Although the systems shown in FIGS. 10A-10C show the filtration
device 100 in a vertical orientation for axis 120 with the first opening 122 at the “top”
of system 200 and the second opening 124 at the “bottom” of system 200, the
methods and systems described herein may be used in any orientation. For
axample, wheare filtration device 100 is provided such that axis 120 may be provided
it @ horizontal orientation, an upward or downward diagonal orientation, or a vertical
orientation where second opening 124 is provided at the “lop” of system 200 and first
opening 122 is provided at the “bottom” of system 200. Similarly, although outlet
opening 218 is shown closer o first opening 122 than second openings 124 in FIGS.
10A-10C, in some embodiments, outlet opening 218 may be provided at or near
second opening 124, which may be advaniageous, for example, when filiration
device 100 includes collection unit 170. Similarly, although inlet opening 214 and
outlet opening shown with a 80-degree angle leading to axis 120 of filtration device
100, it is contemplated that inlet opening 214 may be provided at any angle (o axis
120, which may be determined by the particular application and use.

[204] FIGS. 16A-18C show another embodiment of a system 600 in
which the inlet opening 214 is near first opening 122 and outlet opening is near
second opening 124, respectively. Such orientation may, in some circumstances, be
advantageous because the Tiltrate need not pass back up the manifold cover 216, as
it FIGS. 10A-C (filter media 142 is omitted in FIGS. 16B-16C). Although inlet
opening 214 and outlet opening 218 are shown at right angles {o filtration device
100, it is contemplated that inlet opening 214 and outlet opening may be in-ine with

intet flow direction 126 of filtration device 100, or at any other angle, such as 45
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degrees, 30 degrees, or 60 degrees o inlet flow direction 126,

[205] FIGS. 21A-21D show exemplary isometric and cross-sectional
views of another exemplary filtration system including a filtration device, such as a
filtration device similar to filtration device 100, consistent with some embodiments of
this disclosure. FIGS. 21A-21D0 show a system 2100 in which an inlet opening 214 is
near a first opening 122 of the filtration device at the wider end of taperad-helical coil
112, Sacond opening 124 of tha filtration device at the narrow end of tapered-helical
coit 112 is open to collection unit 2102, which may be similar to residue collection
unit 170, Collection unit 2102 is shown as a cylindrical collection unit in the
ambodiments of FIGS. 21A-210. Collection unit 2102 may, in other embodiments,
have other shapes. As described above, tapered-helical coll 112 and collaction unit
2102 may be enclosed by filter media 142 and 172, respectively (not shown for
simplicity}, such as, for example, a mesh filter media. The filtration device, including
tapered-healical coil 112 and coliection unit 2102 are shown enclosed in a housing
2104, Housing 2104 includes inlet opening 214 and outlet opening 218. In some
embodiments, housing 2104 may include a window 2106 that permits visibility of at
least a portion of the filtration device, such as tapered-helical coll 112 or collection
unit 2102, through housing 2104, Tapered-helical coll 112 may be coupled {0
housing 2104, such as, for example, by threaded portion 2107, which may facilitate
insertion, removal, or replacement of tapered-helical coll 112, such as for cleaning or
other maintenance. In some embodiments, other coupling mechanisms may be used
to couple tapered-healical coll 112 to housing 2104, such as, for example, an annular
Hip, pin, snap-in or twist-in fixture, or pressed-in or tumed-in siot, such as an L or U-
shaped slot.

{206} Housing 2104 includes a sealing portion 2108 and closure
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mechanism 2110 operatively connected to sealing portion 2108, Closure mechanism
2110 is configured o open and close sealing portion 2108. Sealing portion 2108
form may be configured {0 provide a watertight seal for the interior of housing 2104
and may faciiitate access 1o tapered-helical coll 112 and collection unit 2102, such
as for cleaning, repairing, replacing or performing maintenance on the collection unit
2102 or tapered-healical coil 112 or for cleaning the inside of housing 2104, In FIG.
21A, sealing portion 2108 and closure mechanism 2110 are shown in a fully closed
position, which creates a watertight seal at opening 2112 of housing 2104 {shown in
in FIGS. 21B and 21C). In FIGS. 21B and 21C, sealing portion 2108 and closure
mechanism 2110 are shown in an open position o facilitate access 1o the interior of
housing 2104, such as for accessing collection unit 2104 or tapered-helical coil 112,
FIG. 21D shows sealing portion 2108 and closure mechanism 2110 in a closed
position, although closure mechanism 2110 is not fully closed. In FIGS. 21A-21D,
exemplary closure machanism 2110 is shown as a pull-down handle around the
outside of sealing portion 2108. Closure mechanism 2110 may, in some
embodiments, include g handie or lever on the side of housing 2104, be inlegrated
into sealing portion 2108 as a lalch, snap-closure, or other closure type. In some
ambodiments, closure mechanism may include a threaded closure, an annular lip,
pin, snap-in or twist-in fixture, or pressed-in or turned-in slot, such asan L or U-
shaped slot.

{2077 A sealing mechanism 2116 may, in some embodiments, provide
further pressure on sealing portion 2108 when closure mechanism 2110 s fully
closed, as shown in FIG. 21A as compared to FIG. 21D in which sealing portion
2108 is closed, but closure mechanism 2110 is not yet fully closed. One or more of

ciosure mechanism 2110, sealing portion 2108, or sealing mechanism 2116 may
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also include a locking mechanism {not shown) io prevent accidental opening of
sealing portion 2108 during operation.

[208] In some embodiments, sealing portion 2108 includes a lower
surface 2114 that forms on cylindrical face of collection unit 2102 when sealing
portion 2108 is in a closed position, such as shown in FIGS. 21A and 21D, In such
embodiments, fitered liguids exit collection unit 2102 through the filter media (nhot
shown} around the circumference of collection unit 2102, In other embodiments,
lower surface 2114 of sealing portion 2108 may not form a cylindrical face of
coliection unit 2102, such that there is a separation between coliection unit 2102 and
lower surface 2114, In such embodiments, the face of collection unit 2102 nearest o
lower surface 2114 may include a filter meadia or may include a solid surface.

{2091 In operation an inlet fluid flow 126 of a fluid-to-be-filtered enters
system 2100 al inlet 214. The fluid is filtered by tapered-helical coll 112 and
coliection unit 2102 as described above. Filtered liquids 102 passing through filter
media 142 {(not shown) of tapered-helical coll 112 or filter media 172 (also not
shown) of collection unit 2102 exit housing 2104 at outlet 218. Filtered particles are
generally collected in collection unit 2102 because the operation of tapered-helical
coit 112 facilitates the flow of filtered particies into collection unit 2102.

{210] Although FIG. 21D shows closure mechanism 2110 in the closed
position, it is understood that generally during operation, closure mechanism 2110
will be fully closed.

{211} In some embodiments, when exemplary system 2100 is connected
to a source of liquid {o be filtered, such as a washing maching discharge line, sealing
portion 2108 may be vertically oriented above the narrow end of tapered-helical coil

112. This configuration may provide cerain advantages not previously known in the
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art. For exampie, when sealing portion 2108 is in an open position o facilitate
access to collection unit 2102 or tapered-helical coil 112, any remaining fluid in
system 2100 will not leak because the opening 2112 is above any remaining liguid.
Therefore, such configuration provides for maintenance and cleaning even when
Hguid is present in system 2100, The ease of access provided by sealing portion
2108 and opening 2112 also permits tapered-helical coil 112 and collection unit 2102
to operate as a reusable filter davice, such as for fitering microplastics from washing
machine discharge, because the filtration device can be easily accessead {o clean
filtered particles from the device and then ciosed to provide filtration in subsequent
operation.

{212} To faciitate cleaning, replacement, or maintenance of collection unit
2102, collection unit 2102 may, in some embodiments, be detachably connected to
tapered-helical coil 112, When sealing portion 2108 is in an open position, a user
may saparate collection unit 2102 from tapered-helical coil 112, In some
embodiments, such as where lower surface 2114 of sealing portion 2108 forms a
face of collection unit 2102, opening sealing portion 2108 may provide direct access
to cleaning and maintenance of collection unit 2102 without removal. Therefore, in
some embodiments, collection unit 2102 may bea integrally connectad {o or formed
with tapered-helical coil 112, In some embodiments, to facilitate cleaning,
replacement, or maintenance of tapered-helical coll 112, tapered-helical coil 112
may be detachably connectad {0 housing 2104 and may be separated or removed
when saaling portion 2108 is in an open position. Window 2106 may further facilitate
reusability by permitting a user to determine whether tapered-helical coil 112 should
be cleaned. In operation, collection unit 2102 may be cleaned more freguently than

tapered-hslical coil 112 because, as described above, the configuration of tapered-
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helical coil 112 facilitates the flow of filtered particles towards and into collection unit
2102 {e.q., particle collection unit 170) such that the filter mesh of tapered-helical coil
112 remains relatively clean and has a slower buildup of fillered particles than
coilection unit 2102 over time.

{213} The filter devices, systems, and methods described herein are
particularly useful for filtering particles from a fluid having a high flow raie or high
flow speed. For example, a high flow spesd may be a flow speed at first opening 122
greater than about 50 cmisec. Prior art filters are unable to efficiently filter particles,
in particular small particles or microsolids, at such high flow speeds and flow rates
because they develop back pressure, turbulence leading o reverss flow, or clogging
that can lead (o damags or fallure of the filter. The filler devices, systems, and
methods described herein overcome these drawbacks by promoting vortex 139
formation along particle path 138 and cross-filtration across filter media 142 while
allowing the filtered particles {0 exit via second opening 124, The filter davices
described can perform this at high flow speeds and high flow rates, such as in
washing machine discharge, which can have flow rates as greater than 800 cm¥/sec
or 950 cm’fsec and flow speeds of greater than 80 cm/sec or 140 cmisec. The filter
devices, systems, and methods provide efficient filtering operation with reduced
particle buildup, thereby allowing for sustained or continuous use at high flow
speeds, such as greater than 50 cm/sec, greater than 60 cmifsec, greater than 70
cmisec, greater than 80 cm/sec, greater than 80 cm/sec, greater than 100 cmi/sec,
greater than 110 cmisec, greater than 120 cm/sec, greater than 130 cm/sec, greater
than 140 cmisec, greater than 150 cm/sec, greater than 180 cm/sec, greater than
170 cm/sec, or greater than 180 cm/sec, thereby allowing their use in high-flow

applications without the drawbacks of other filters. Similarly, the filters, systems, and
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methods may provide efficient filtering operation with reduced particle buildup at high
flow rates, such as, flow rates as flow rates greater than 200 cm’/sec, greater than
250 cm¥sec, greater than 300 cm¥sec, graater than 350 cm®/sec, greater than 400
cmi¥fsec, greater than 450 cm¥/sec, greater than 500 em®/sec, greater than 850
cmdfsec, greater than 600 cm®/sec, greater than 650 cm¥/sec, or greater than 700
cm¥/sec, greater than 750 cm¥/sec, greater than 800 cm¥sec, greater than 850
cm¥fsec, greater than 800 cm®/sec, greater than 850 em¥/sec, greater than 1000
cm®sec, greater than 1050 am¥sec, greater than 1100 cm¥sec, greater than 1150
cm¥fsec, or greater than 1200 cm¥fsec, thereby allowing their use in high-flow
applications without the drawbacks of other fillers. These high flow rates and high
flow speeds are associated with high-flow discharges, such as washing maching
discharge. The filter devices, systems, and methods described herein therefore mest
unmet needs in the art.

[214] FiG. 11 shows an exemplary flow chart of a method 300, consistent
with embodiments of the disclosure. In some embodiments, method 300 may involve
using system 200 with a washing machine 310, As shown in FiG. 11, water with
suspended particles leaves washing machine 310 at step 312 and enters system
200 at step 314, Filtered waler ieaves systam 200 indicated by arrow 318 and then
proceeds o clean water discharge at step 318, Particles, such as microplastic
particles, are filiered out of the water and are removed from system 200 indicaled by
arrow 320 as collected microplastics at step 322. At step 324, the particies are
transported and may be disposed of at step 326.

[215] FIG. 12 shows an exemplary view of an embodiment of an
operation configuration for method 300 using system 200 and 3 washing machine in

which the system 200 is external 1o the washing machine.
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{216} FiGs. 13 shows an exemplary flow chart of a method 400, consistent
with embodiments of the disclosure. Method 400 may be similar o method 300
except that systemn 200 is disposad interior to the washing machine. The flow of
FIG. 13 may be similar to that of FIG. 11 except that system 200 is located inside the
washing machine housing, as shown in FIG. 14,

(2171 In some embodiments, a particle collection member may be
configured to be removed from an enclosure in a manner such that the fluid remains
it the enclosure. Allowing fluid to remain in the enclosure while the particle collection
member is removed may encourage an operator to frequently check and clean the
particle collection member. For example, an operator may remove the particle
collection member and discard caplured particles and residug without conceam for
spilling the fluid. In some embodiments, system components may be oriented in a
manner that allows fluid to drain from the particle collection member before or during
removal. In opearation, however, the system may keep the taperad-helical coil of the
filter completely submerged with fluid s0 that vortices are generated effectively.
There may be provided a draining mechanism o remove fluid from an enclosure
where the particle collection member resides. In some embodiments, the particle
collection member may be disposed at an upper location with respact {o gravity. In
some embodimenis, a removal direction of the particle collection member may be
opposite the gravitational direction. In some embodiments, the particle collection
member may not be removed, but may instead have a slide-out or hinged portion to
access the collection area.

{218} In some embodiments, there may be provided a scraping
mechanism configured o clean the tapered-helical coll or filter media. Although the

tapered-hslical coil may be configured to be self-cleaning, the scraping mechanism
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may further clean the tapered-helical coil and filter media. The scraping mechanism
may dislodge certain particles that may be cutside of an effective target filtering
rangs, or other foreign matter. The scraping mechanism may be configurad {o
operate periodically or based on feedback from sensors.

{218] The scraping mechanism may be inlernal to the tapered-helical coil.
The scraping mechanism may be powered by the fluid flow through the filter. The
scraping mechanism may include fins that use the momentum of the fluid flowing
through the filter to self-rotate. The scraping mechanism may be operated by an
external power source {e.g., by hand) or autonomously depending on filter
application, size, or other parameters. The scraping mechanism may be integrated
with the housing. The scraping machanism may follow down the path of the rib and
may be used to clean off the rib and filter media. The scraping mechanism may fit
between revolutions of the tapered-helical coil. The scraping mechanism may be
configured to operate based on feadback received from the filter. The scraping
mechanism may operate based on a schedule, for exampie, to clean the tapered-
helical coil and filter media after 5 loads, 10 loads, or 15 loads of laundry, or any
number of loads. The scraping mechanism may operate based on measurad
parameters of fluid flow through the filter such as praessure drop and systam
maintenance, or any feedback received via sensors. A measured pressure drop may
indicate a build up of particles, indicating that the filier should be cleaned to improve
filtering performance.

[220] In some embodiments, there may be provided a tapered-halical coil
having parameters as follows. Rib width 127 may be configured to be in a rangs
between about 0.025 inches and about 120 inches. Rib height 128 may be

configured o be in a range between 0.025 inches and about 24 inches. Hel height
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130 may be configured o be in a range between about 0.025 inches and about 500
inches. The helix outside diameter may be configured {¢ be a value varying between
about 8.025 inches and about 200 inchas. Helix pitch 134 may be configured to be
between about 0.025 inches and about 120 inches. In some embodiments, the helix
parameters may be on the micron scale, such as in a range between about 1 micron
and about 50,000 microns.

{221} In some embodiments, a rib angle 8 may be measurad as the angle
betweean axis 120 of tapered-helical coil 112 in the direction of second opening 124
and the surface of rib 118, as shown in FIG. 15, In some embodiments rib angle 8
may be an angle in a range from 10 degrees {0 170 degrees and may be used for
different fluid filtration applications. In some embaodiments, rib angle 8 may be in a
range from about 45 degrees 1o about 135 degrees, from about 60 degrees to about
135 degrees, from about B0 degrees {6 about 135 degrees, from about 60 degrees
to about 120 degress, from about 80 degrees 0 about 105 degress, from about 60
degrees to about 90 degrees, from about 75 degrees to about 105 degrees, from
about 80 degrees (o about 100 degrees, or from about 85 degrees {0 about 85
degrees. As shown in FIG. 54 rib angle 8 may be about 80 degress in some
embodiments.

{222} In some embodiments, fins, blades, or vanes may be applied aiong
the outside of the housing in a configuration to use the momentum of the filtered or
unfiltered water to cause the filter {0 spin in a direction opposite the direction of the
taper of tapered-halical coil 112, For example, if the helix sweep s clockwise from
first opening 122 {o second opening 124, the fins, blades, or vanes may cause the
filter to spin counter counterclockwise. In some embodiments, the filter spinning may

pearmit the filtered particles 10 move faster towards second opening 124 by creating a
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screw-like effect. In various embodiments, parameters, such as filter rotation speed,
fin angle, and all helical variables may be adjusted depending on the application.
Such embodiments may provide advantages in certain applications, such as
described above, where both the inlet and ocutlet are near first opening 122, such that
the flow of filtered Tluid outside filtration system 100 is opposite the inlet flow direction
126. The use of fing, vanes, or blades {o create a rotation may also be beneficial in
other applications, such as solid waste filtration, “dragging” operations such as
pulling the filtration system 100 through a body of fluid such as a body of water.

{223} Parameters of the tapered-helical coll may be varied depending on
the application. For example, the tapered-helical coill may be composad of sections
with multiple or changing pitchas resulting in increasing or decraasing step width
along the coil.

EXPERIMENTAL RESULTS

[224] Microplastics are believed {o lead to a myriad of dissases,
infections, and harmful bodily responses. The largest percentage of these
microplastics come directly from the outlet of domestic washing machines. Countries
across the world have recognized the problem of microplastics. The first
axpermeantal method is intended {0 avaluate whether a filer meetls the most
restrictive existing legislation or proposed legislation (g.¢., the *Microplastic Filters
{(Washing Machines) Bill" by the UK House of Commons) and is adapted from the
method described in Imogen Napper et al., The efficiency of devices intended fo
reduce microfibre release during clothes washing, Science of the Total Environment
738 {2020} (available at hitps:fidot. org/10. 1018/ scitotenv.2020.140412) ("Napper”).
The Napper paper applied a similar test and found that the highest microplastic

reduction of prior fillers was about 78% by mass, which is insufficient to meet

86



WO 2023/172344 PCT/US2022/082570

indusiry goais. An improved filter device is therefore required o meet the complex
neads of high filtration efficiency, high flow rate, high flow speed, resistance to
particle buildup, and sase of cleaning.

[225] Guantitative methods were used to evaluate the performance of
exemplary filters. In some embodiments, test methods are tailored to evaluating the
efficiency of microplastic filters for use with washing machines. Such msthods are

also representative of other filtering conditions.

EXAMPLE 1: Fabric method

[226] A first experimental test method was used to evaluate the efficiency
of microplastic filters for washing machines. The first method may be applied to
filters that are internal or external {o the washing machine. Specifications of the first
axperimeantal method may include the foliowing.

{227} The first experimental method dascribes a procedure to determine,
by mass, a fiter's efficiency when applied to washing machine wastewater. The
method may be applied {0 all variations of washing cycles. Post filtration may be
specified based on a dasirad application, which may be, for example, dictated by
legislation, reguiation, or other rule specifying an accuracy level, such as post
filiration i 10 um and other parameters.

{228] In the first experimental {test method, a standard washing machine
pumps wastewater through the filtration device baing tested. The fillration device
outputs the filtered wastewater into a waystation that pumps the filter effluent through
a 10 um filter, which is used to determine the amount of microplastics removed from
the wastewater. Results of the first experimental test method may include a measure

of the efficiency of microplastic fillering applied to washing machines. The first
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experimental test method uses mass 1o represent the amount of particulaies
captured by the filter device. A 10 um postilter i1s used, but other specifications can
be used based on desired precision.

{2291 A first testing apparatus 800 may be prepared as shown in FIG. 18
The testing apparatus may be constructed from individual componenis and
assembled in the direction shown. Components may include:

[230] Washing Maching 802 — Any standard domaestic washing machine,
either top load or front load may be used. To compare one filter {0 another, the same
washing machine may be used. In the first exemplary method, an LG model
ACO88947217 top loading washing machine was used. The flow rate of water
discharge for the LG model ACQB2847217 washing machine was 15 gallons/iminute
{(about 947 cm®/sec) with a discharge flow speed of about 140 cm/sec.

{231} Pressure Transducer (not shown) — Necessary accuracy from O-
200 kPa.

{232} Testing Device 804 — The filter-to-be-evaluated during the test,
described below.

{233] Waystation 806 — To collect discharge from testing device 804, A
twenty-galion tank is used with a pipad connaction fabricated on the underside with
% inch threads.

{234} Pump (not shown) — A centrifugal pump 1o facilitate passing the
discharge from waystation 806 through 10 um filter 808 specified with 8 maxamum
flow rate of 18.95 LPM.

[235] 10 um filter 808 — A post-ilier {0 capture any particles that passed
through test device 804, which can be used 1o calculate the efficiency of test device

804. A reverse osmosis membrane filter was used as the 10 um post filter
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[236] Outlet 810 ~ Discharge from 10 pm filter 808,

{237} Scale {not shown) ~ This method uses a weight scale with a
pracision up to 0.0001 g.

[238] To prepare the testing apparatus, the waystation is bleached to
clean any particulates or residue from previous trials. The 10 um post filier housing is
bleached {0 clean any particulates or residue from previous tnials. Each sensor is
calibrated after every 3-8 tnals.

{2391 The first experimental test method was performed using the
foliowing steps. The filter-to-be-evaluated and the 10 um filter were placed into a
dehydrator at 40°C until constant weight was measured. “Constant weight” in the
method was denocted by three weight measuraments taken with one hour batween
gach measurement, resulting in three measurements having a deviation of £0.002g
or less. The humidity of the dehydrator was recorded at each measurement. The
initial waight of each filter-to-be-evaluated and 10 um filter were considered the
average of the final three weight valueas for each filter.

{2407 The filter-to-be-gvaluated 804 was connecied to the washing
machine 802 discharge line as shown in FIG. 18, with the discharge line discharging
into the inlet side of the filter-{o-be-avaluated. The discharge line of the filter-to-be-
evaluated was directed into the waystation 808, centrifugal pump (not shown) pumps
the fillered water to the 10 um filter 808.

{241} Eight towels {5 kg weight) containing synthetic fibers were placed
into the drum of the washing machine. Thea normal wash cycle was selecled and
recorded. The wash cycle was started and the discharge water flowing from the
washing machine was passed through the filier-to-be-evaluaied and into the way

station. The discharge flow rate from the washing machine was 15 gallons/iminute
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{about 947 cm¥/sec) with a discharge flow speed of about 140 cm/sec, which was
passed into the inlet side of the filter-io-be-evaluated. From the way station, water
will flow through the centrifugal pump and 10 um post filter,

{242} After running the washing machine, the filter-to-be-evaluated was
removed and placed into a dehydrator at 40°C. The 10 um post filter was removed
and placed into a dehydrator at 40°C. The filters were left in the dehydrator until a
constant weight was measured for each filter. The final weight of each filter was the
average of the final three weight values when the constant weight was determined
for each filter.

{243} The percent efficiency of the filtration of the filterdo-be-evaluated

was calculated by

% = L2l Eq. (1)

{Co—=Cy )+ (My—My)

where (1 is weight in grams of the filter-to-be-evaluated before testing, Cz is weight
in grams of the filterd{o-be-evaluated after testing, My is weight in grams of the 10 um
post filter before testing, and Mz is weight in grams of the 10 um post filter after

festing.

[244] Using a filtration device such shown in FIGS. 16A-168, where the
filter-to-be~evaluated (*Experimental Filter 17) included the tapered-helical coill having
one rib and an outer diameater of 2.5 inches at the inlet (first opening) side, an inner
diameter such that the rib comprises substantially the radius of the helical coil at the
outlet {(second opening) side of the tapered-helical coil (i.e., the rib comprised the
entire radius of the coil at the second opening, such as shown in FiG. 16B, where
the particle flow path of the taperad-helical coil feeds info the collection unit), a halix

angle of 11.5 degrees, a pitch of 0.75 inches, a rib width of 0.375 inches, arib
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thickness of 0.1875 inches, a rib angle of 80 degrees {i.e., perpendicular to the inlet
flow direction), a revolution count of 4.5 revolutions for the tapered-helical coil from
the first opening {inlat side) {0 the second opening (outlet side), and a raker
reduction ratio B/a of 3.68. The filter media mesh size of Experimental Filter 1 was a
stainless steel 30 um mesh. The cutlet (second opening) side of the tapered-helical
coil included a cylindrical collection unit surrcunded by the same mesh as the coil.
The tested fabric was 5 kg of cotton towels containing synthstic fibers and normal
soil. The wash cycle was deep fill, high spin, with warm water. The resulting ouiput
gfficiency averaged over 3 measuremenis was 80.16% microplastics removal by the
filter-to-be-evaluated, with a range of +3% and -1% (i.e., an efficiency range from
89.16% to 93.16%).

[245] Experimental Filter 1 in Example 1, therefore, has a measured
microplastics filtration efficiency that is significantly better than the 78% microplastics
filtration efficiency of the highest-rated microplastics filter described in the Napper
paper using a comparative method. Thus, Experimental Filter 1 in Example 1 has a
measured microplastics fillration efficiency between 10% and 15% greater than the
most-efficient prior known microplastics filter.

[2486] Thus, unlike the prior filters, the filters described herein have
significantly improved filtering efficiency and performance, capable of meeting the
siringent reguirements of microplastics legisiation, including a fillering greater than
80% of microplastics by mass when post-filtered to 10 microns when measured
using the method of Example 1. Notably, this filtration rate was achieved with a
30 um mesh filter media, substantially larger than the post-filtration size of 10 um.
The resuits therefore indicate an ability of Experimental Filter 1 to filler smaller

particle sizes, such as microplastics, with a larger filter media pore size.
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{247} Embodiments of the filter and filter system described hersin provide
improved filtration of particles from fluids. For exampie, the filters and filter systems
described herein are effective at filtering greater than 80% of fillered microparticies
(e.g., microplastics) by mass from washing machine wastewater when measured
using the method of Example 1. In particular, the fillers and filter systems described
herein are sffective at filtering greater than 90% of filtered microparticies (e.qg.,
microplastics) by mass when post-filtered to 10 microns when measured using the
method of Example 1. Some embodiments of the fillers and filler systems described
herein are effective at fillering grealer than 92%, 83%, 94%, 95%, 98%, 97%, or 98%
or 99% of filterad microparticles {&.¢g., microplastics} by mass when post-filtered to
10 microns when measured using the method of Example 1. As such, the filters and
filter systems described herein are also effective at filtering greater than 60%,
greater than 65%, greater than 70%, greater than 75%, greater than 80%, greater
than 85%, greater than 87%, greater than 88%, and greater than 89% of filtered
microparticies {e.q., microplastics) by mass from washing machine wastewater,
including microplastics when post-iltered {0 10 microns using the method of this

Exampie 1.

EXAMPLE 2. Flock Method

{248] A second experimental test method was used o evaluats the
performance of microplastic filters for filtration systems, such as washing machines
or other wastewater systems, using flock fibers. Specifications of the second
experimental method may include the following.

{24%] The second experimental method describes a procedure to

determine, by mass, a filler's performance when using commercally available flock
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fibers. Post filtration may be specified based on a desired application, which may be,
for example, dictated by legislation, regulation, or other rule specifying an accuracy
level, such as post filtration to 10 um and other parameters.

{2501 In the second experimental test method, shown in FIG. 19, a pump
is used (o move waler containing microplastic Nylon flock fiber from a first storage
tank through the filtration device being tested. The filtration device outputs the
filtered water into a second storage tank where the water is pumped through a 10 um
filter, which is used {0 determine the amount of fiber. Resulis of the second
experimental test method may include a measure of the efficiency of microplastic
filtering, such as for washing machines. The second experimental test method uses
mass o represent the amount of particulates captured by the filter device. A 10 um
post-filter is used, but other specifications can be used based on desired precision.

{251} A second testing apparatus 900 may be prepared as shown in FiG.
18, The testing apparatus may be constructed from individual components and
assembled in the direction shown. Components may includs:

{252} Faucet 902 is a standard tap Taucet.

{2531 1 um filter 906 is a polypropylene melt-blown filter manufactured by
Aguaboon, part number BOTM1TLB22EB, for fillering water from faucet 802 into tank
908.

[254] Testing Devicelfilter-{o-be-evaluated 804 included the following
devices!

¢ “Experimental Filter 2" — The filter-to-be-evaluated during the test is similar to
that shown in FIGS. 184 and 16C and included the tapered-helical coll having
one rib and an outer diameter of 2.5 inches at the inlet (first opening) side.

The rib had a rib width of 060 inches, a rib thicknass of 0.1875 inches, rib
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angle of 90 degrees (i.e., perpendicular io the inlet flow direction), a pitch of
0.75 inches, a raker reduction ratio B/o of 3.69, and a revolution count of 4.5
revolutions for the tapered-helical coll from the inlet side to the cutlet side.
The inner diameter of the rib at the outlet side (second opening) comprises
substantially the radius of the tapered-helical coil {i.e., the rib comprised the
entire radius of the coil at the second opening, such as shown in FIG. 168,
where the particie flow path of the {apered-helical coil feeds into the collection
unit). The helix angle of the tapered-helical coil was 11.5 degrees. The filter
media mesh of filter 805 was & 20 um porometric GKD mesh. The outlet side
{second opening) of the tapered-helical coll included a cylindrical collection
unit surrounded by the same mesh as the coil. The collection unithad a
cylindrical shape with a diameter of 2.0 inches and a height of 2.0 inches; the
inlet diameter between the tapered-helical coil and one face of the coliection
unit was about 1.23 inches. The circumference of the collection unit and the
face opposite the inlet to the collaction unit from the {apered-helical coil were
enclosed by the same 20 um porometric GKD mesh as the tapered-helical
coil's circumference.

s “‘Dead End Filtey” — a conventional dead end filter, shown in FIG. 23A, having
a 20 um poromestric GKD mesh {(not shown) arranged perpendicular to the
flow direction.

s ‘Cross-Flow Filter” — a conical cross-flow filter, shown in FIG. 238, having the
same first opening diameter as Experimental Filter 2 and a 20 um porometric
GKD mesh {not shown) in a conical shape surrounding the tapered portion of

the cone.
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s “Vortical Cross-Flow Filter” — a conical, vortical cross-flow filter, shown in FIG.
23C, having three decreasing concentric rings inside the cone and having the
same first opening diameter as Experimental Filter 2 and having a 20 um
porometric GKD mesh (not shown) surrounding the tapered portion of the
cone. The Vortical Cross-Flow Filter has an aspect ratio of rib width {o height
between ribs of 3.69.

[255] Fiock fiber 805 is a commerciaily available black nylon flock fiber
manufactured by Donjer, part number 716-Black.

{256] Tanks 908 and 912 are 20 gallon tanks manufaciured by Agqueon,
part number 170925,

{2571 10 um filter 916 — A post-filier {0 capture any particles that passed
through test device 804 and is a polypropyiene meit-blown filter manufactured by
Membrane Solutions, part number MPP-F10-10. 10 um filter 218 ishoused in a
pressure relief filler housing manufactured by Pentair Industries, part number
BOOSVTTERY.

[258] Pumps 910 and 914 are commercially available washing machine
drain pumps manufactured by Whirlpool Corp., part number BRX401-27, operating at
80 Watts and 1.5 Amps.

{2591 Drain 918 is a wastewater drain.

{2607 Piping between components is clear vinyl tubing having 2 1.0 inch

inside diameter.

[261] Scale (not shown) — A weight scale is used with a precision up {o
0.0001 g.
{262} The components are assembled as shown in FIG. 19.

[263] To prepare the testing apparatus, tanks 908 and 912 were rinsed o
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ciean any particulates or residue from previous trials. The 10 um post filter 916
housing is rinsed (o clean any particulates or residue from previous tnials. Each
sensor is calibrated after every 3-5 irials.

{264} The second experimental test method was performed using the
foliowing steps. The filler-to-be-evaluaied 804 and the 10 um filler 816 were placed
into a dehydrator at 40°C until constant weight was measured. “Constant weight” in
the method was denocted by three weaight measuraments taken with ona hour
betweean each measurement, resulting in three measurements having & deviation of
+0.02g or less. The humidity of the dehydraior was recorded at each measurement.
The inilial weight of each of the filterto-be-avaluated 904, the 1 um filter 806, and
the 10 um filter 916 was considered the weight of each filter afier thres constant
weights were measured.

{265] Two sheets of 12 in wide aluminum foll were weighed and the
weight recordad. A piece of 1C-micron filter paper was weaighed and the weight
recorded. 0.5x0.02 g of flock fiber 905 was weighed and the weight recorded.

{266] Tank 908 was filled with 3.5 gallons of water from faucet 802 fillered
through 1 um filter 806. The pre-weighed 0.5 g of flock fiber 805 was added to the
water in tank 808,

{2671 The fiber-water mixture was pumped using pump 901 from tank 908
through the filter-io-be-evaluated 804 into tank 912. The measured flow raie was
10.0 galfmin with a flow speed of about 124 cm/s.

[268] The procass of waighing 0.520.02 g of flock fiber 8085, adding the
flock fiber to 3.5 gallons of water in tank 908 and pumping the fiber-water mixture
through filler-to-be-tested 805 into tank 812 an additional nine times (total of ten

filtration process trials).
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[269] Tank 908 was then rinsed with water from faucet 802 filtered
through 1 um filter 806 and pumped through filter-to-be-evaluated 804 {o ensure all
flock fiber had been filtered through filter-to-be-evaluated 904 into tank 812, This
rinse was performed three times.

{2707 The water from tank 912 was then pumped through pump 814
through 10 um filter @16 into drain 918, Tank 812 was rinsed, and the water pumped
through 10 um filter 916 three times using pump 914 to ensure all of flock fiber 805
that passed through device-to-be-svaluated 804 has been pushed through device.

{271} The 10-micron filter containing the flock fiber 805 that passed
through filter-to-be-evaluated 804 was placed on the aluminum foil sheets. The filter
housing was then rinsed through the 10-micron filter paper 1o remove any ramaining
flock fiber from the housing, and the filter paper was placed on the aluminum foil.

{272} The 10-micron filter and filter paper on the aluminum foil were then
dried at 95 degrees Fahrenheit until a constant weight was measurad.

{273} The percent efficiency of the microplastics filtration by the filter-to-

be-evaluated 904 was then calculated using the following equation:

Mflock—AM1g

% Filter Efficiency = « 100

Metock

where Amy, corresponds {0 the mass gain of the 10-micron filter and filter paper
measured as, Amyy = 2114 final — W10 imitial, @0 My, COMresponds to the total mass of
microplastic flock fiber 805 infroduced into the system, which is measured by:

y - n
Myrocr™ D=y T

where m; corresponds to the mass of microplastic flock fiber for each tnal, 7 of the

ten trials.

{274} The amount of micropiastics collected by the collection unit versus
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that retained in the tapered-helical coil in the filter-io-be-evaluated 804 was also
determined. The amount if microplastics collectaed in the collection unit of the filter-to-
ba-evaluated 204 was determined by removing the filler-to-be-evaluated 904 from
the housing, separating the coliection unit from the tapered-helical coil of the filter-to-
be-evaluated 904, The collection unit and tapered-helical coil were dried at 80
degrees Fahrenheit until a constant weight was measured and the weights were
recorded. The parcent of microplastics collected in the collection unit was calculated

by the following equation

S

* 100

% Captured Particles in Collection Unit =

Mitack

where Am. corrasponds to the change in mass of the collection unit, as measurad
by the final mass after filtration minus the initial mass of the collection unit before
filtration, mosina — Mecinina, AN Amg; corresponds o the change in mass of the
tapered-healical coii based on the microplastics collected, as measured by the final
mass of the tapered-helical coll after filtration minus the initial mass of the tapered-

helical coil before filiration, M fina — My initiai

{275} The fiock fiber filtration sfficiency according to Example 2 is shown

it Table 1 below:

Device-to-be-tested | Trial 1 (%) | Trial 2(%) | Trial 3 (%) | Average (%} | Std. Dev. {%)}
Experimental Filter 2 90.82 99.81 99.84 99.8 0.02
Dead End Filter 99.90 92.19 99.80 Q9.7 0.4
Cross-flow Filter 99.90 99.90 98.34 99 .4 0.9
Vortica;:ﬁrossmfiow 898.80 8925 99.890 887 0.4
ifter
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{276} The percent of fibers collected by Experimental Filter 2 in the

collection unit is shown in Table 2 below:

Trial 1 2 3 Average | Std. Dev.

% Flock Fiber in 83.0% 76.5% G2.4% 24.0% 8.0%
Collection Unit

{2771 As shown in Table 1, Experimental Filter 2 collects upwards of 99%
of flock fiber, which simulates microplastics, in wastewaler systems. Experimenial
Filter 2 also exhibited the lowest standard deviation of the four filters being tested.
Although the other filters being tested ailso exhibited upwards of 39% efficiency of
flock fiber, as shown by Example 2, the Experimental Filter design also has the
capability to achieve high efficiency with larger filter mesh pore sizes. Filfration
efficiency of 89% may be expected from the mesh pore size of the Dead End, Cross-
Flow, and Vortical Cross-Flow filters being tested, however, because smaller pore
sizes restrict flow through the filter, merely having a smaller pore size does not
permii such filters to be used in applications, such as washing machines or gther
high flow rate or high flow speed applications. Therefore, mesh pore size s not
indicative of the filter's ability to provide acceptable filtrating operation. For example,
as discussed in Exampile 3, the Dead End filter could not achieve any functional
operation because the flow was immediately reduced to zero cm/fs and galimin,
causing both flow failures and pressure failures. Similarly, despite having a similarly
sized coneg, the Cross-Flow and Vortical Cross-Flow fillers also failed after
significantly fewer irials, as explained in Example 3, despite having the same cone
size as Expernimental Filter 2.

{278} Experimental Filter 2 shows exemplary performance as compared
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with other filters, bul has the added benefit that at ieast 75% of the filtered
microplastics are tfransporied to the collection unit, and on average, more than 80%
of the filtered microplastics are transported 1o the collection unit, by the design of the
filter. Facilitating transport of the filtered microplastics/particles o the collection unit
has several benefits not previously known in the art. First, the collection of filtered
particles into the collaction unit makeas the device easier to clean, especially with the
camplexity required o clean the taperad-helical coil. Cleaning the collection unit is
further aided by designs, such as shown in FIGS. 22A-22D, which allow easy access
o the collection unit, thereby simplifying the process of maintenance and cleaning.
Second, Tacilitating transport of the filtered microplastics/particles to the collaction
unit prevents buildup of the fillerad particles in the tapered-helical coll, theraby
prolonging the time between cleanings because the filter media of the tapered-helical
coil remains relatively clean and therefore is able {0 continue fillering higuids.

[279] Further advantages of Experimental Filter 2 are discussed with
respact to Exampie 3 below.

{2807 Embodiments of the filler and filter system described herein provide
improved filtration of particles from Tluids. For exampie, the filters and filler systems
describad hersin are effective at filtering greater than 90% of filtered microparticies
{e.q., microplastics) by mass from washing machine wastewater when measured
using the method of Example 2. In particular, the filters and filter systems described
herein are effective at filtering greater than 90% of filtered microparticles (e.g.,
microplastics) by mass when post-filterad to 10 microns when measurad using the
method of Example 2. Some embodiments of the filters and filter systems described
herein are effective at filtering greater than 91%, 92%, 93%, 84%, 95%, 96%, 97 %,

98%, or 99% of filtered microparticles (e.q., microplastics} by mass when post-
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filtered to 10 microns when measured using the method of Example 2. As such, the
filters and filter systems described herein are also effective at filtering greater than
60%, greater than 65%, greatar than 70%, greater than 75%, greater than 80%,
greater than 85%, greater than 87%, greater than 88%, and greater than 89% of
filiered microparticles (e.g., microplastics) by mass from washing machine
wastewater, including microplastics when posifilterad to 10 microns when measured
using the method of Example 2.

{281] Similarly, embodiments of the of the filler and filter system
described herein provide improved filiration of microparticles from fluids by
facilitating travel of the filtered particies from the tapered-helical coil to the collection
unit. For example, some embodiments of the filters and filter systems described
herein are effective at facilitating transport of greater than 50%, 80%, 85%, 70%,
75%, B0%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, or 85% of fitered microparticles (e.49., microplastics) by mass from the tapered-
helical coil to a collection unit when post-filtered to 10 microns when measured using

the method of Example 2.

ELAMPLE 3: Simulated Load Cvcle Tolerance Method

{2821 A third experimental test method was used o evaluate the number
of simulated filtration cycles, such as washing machines load cycles, a given
microplastic filter can sustain before creating significant back pressure or pressure
buildup behind the filter such that the pressure affects filter, washing machine, or
pump performance. Microplastics in the washing machine and filtration cycle are
measured using flock fibers. Specifications of the third experimental method may

include the foliowing.
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{283} The third experimerntal method describes a procedure {o determine,
by count, a filter's tolerance for repeated filtration cycles, such as filtering wastewater
from washing machine load cycles, when using commercially available flock fibers.

{284} In the third experimental test method, shown in FiG. 20, apump is
used to force filtered water containing microplastic flock fiber from a storage tank
through the filtration device being tested. A pressure sensor measures the pressure
buildup behind the filtration device 1o be tested while a flow sensor measures the
flow at the outlet of the filter being tested (e.g., at outlet 218). Results of the third
egxperimental test method may correspond to a representative measure of the
number of washing machine loads a particular filter can sustain before the filtered
material begins to affect filter, washing machine, and pump performance, creating
pressure buildup behind the filter being tested or decreased flow throughput.

{285] A third testing apparatus 1000 may be prepared as shown in
FIG. 20. The testing apparatus may be constructed from individual components and
assembled in the direction shown. Components may includs:

{286] Faucet 1002, 1 um filter 1006, Tilter-to-be-tested (lesting device)
1004, flock fiber 1005, pump 1010, and drain 1018 are as described in Example 2 for
faucet 802, 1 um filler 808, filter-to-be-tested (lesting device) 904, flock fiber 805,
pump 810, and drain 918, respectively. Piping between cormnections is 1.0 inch inner-
diameter vinyl tubing, as discussed in Exampie 2.

{2877 Fabric softener 1007 is commercially available Ultra GAIN® Fabric
Softener with Aroma Boost and Blissful Breeze scent.

[288] Current sensor 1012 is g Poniie PN portably micro electricity current
sensor (o monitor elecirical power consumption.

{288] Pressure sensor 1014 is s digital pressure gauge sensor
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manufactured by S81 Technologies, part number MG1-G-A-QV-R.

{280} Flow sensor 1016 is a turbine flow meter manufactured by
Bonvoisin, part number Roy-7.

{2911 To simulate a wash cycle, first, 0.405x0.02 g of flock fiber 1005 was
weighed out and the weight was recorded. Next, 35+0.50 g of fabric softener 1007
was weighed out and the weight recorded. Fabric softener 1007 was added to better
simulate the effect of actual laundry on the behavior of the filters being tested. Then,
tank 1008 was filled with 3.5 gallons of water from faucet 1002, filtered through 1 um
filter 1006. The measured weighis of flock fiber 1005 and fabric softener 1007 were
added to tank 1008, An additional 3.5 gallons of water from faucet 1002, filtered
through 1 um filter 1008, was added {o tank 1008, bring the total water amount in
tank 1008 to 7.0 gallons, which is a typical amount of water in a Whirlpool® washing
machine load cycle. The solution was mixed well via stirring. The water-flock-
softener solution was pumped through pump 1010, through filter-to-be-testad 1004
via pressure sensor 1014, The filtered liquid exited filter-to-be-tested 1004 through
flow sensor 1016 and into drain 1018. The flow rate (gal/min or gpm) at flow sensor
1016, pressure buildup behind the filter being tested at pressure sensor 1014 (psi),
and current at pump 1010 (amps, measured by current sensor 1012) were meaasured
at 15 second intervals and recorded.

{282} Once all of the water-flock-softener solution was removed by pump
1010, the simulated wash load cycle was complete. The simulated wash load cycle
was repeated until the pressure buildup behind the filter baing tested at prassure
sensor 1014 measures 3.4 psi or greater. 3.4 psi was chosen as the pressure
buildup at which & Whirlpool® washing machine signals a flow fault. The result was

recorded and considered 1o be the load cycle tolerance. After the pressure vaiue of
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3.4 psi was determined, additional load cycles were performed until the flow rate

through flow sensor 1016 was 0.0 cm/s, at which point a zero flow error or flow

failure was determined.

[293]

Table 3 below shows the number of loads for each of the Dead End

Filter, Cross~-Flow Filter, Vortical Cross-Flow Filter, and Experimental Filter to both a

pressure buildup of 3.4 psi behind the filter being testad and until the flow rate

through the filter was 0.0 gaifmin.

Table 3

Filter being tested

Loads completed to 3.4
pSi pressure
buiidup/pressure failure

Loads compileted to 0.0
galimin flow failure

Experimental Filter 2 8 13
Dead End Filter O G
Cross-Flow Filter 2 3
Vortical Cross-Flow Filter 2 3

[294]

It is clear from the results of Example 2 that Expernimental Filter 2

has significantly improved performance than any of the other Dead End, Cross-Flow,

and Vortical Cross-Flow filters being tested. Experimental Filter 2 showed a 300%

and 333% increase in number of loads {o pressure failure and flow failurs,

respeactively, over both the Cross-Flow Filter and Vortical Cross-Flow Filier. As

compared t0 a Dead End Filter, which failed before even one load cycle was

completed, Experimental Filter 2 shows dramatic improvement both in terms of

number of loads to pressure failure and flow failure. Even as compared to the

Cross-Flow and Vortical Cross-Flow Filters, Experimental Filter 2 completed 8 cycles

to pressure failure and 13 cycles to flow failure, whereas the Cross-Flow Filter and
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Vortical Cross-Flow Filter completed only 2 cycles each to pressure failure and 3
cycles to flow failure.

[285] FIGS. 22A-22G show the results of the load cycle tolerance testing,
flowrate, flow speed, and pressure of the testing method described in this Example
3. In FIGS. 22A-22G, "Dead End” resulis refer (o the Dead End Filter under test,
“‘Cross Flow” results refer to the Cross-Flow Filter under tast, "Vortical Cross Flow”
rasuits refer {o the “Vortical Cross Flow Filter” under test, and "CLEANR rasuits
refer to Experimental Filter 2 under test.

[286] FIGS. 22A shows the measured flowrate at flow sensor 1016 over
time across each of the simulated wash load cycles. FIG. 228 shows the flow rate
data versus the number of simulated load cycles until flow failure (0.0 galimin flow
rate) was measured. The values plotied in FIG. 228 are determined al the end of
each wash load cycle. FIG. 22C shows the flow rate over time for each wash load
cycle for Expearimental Filtar 2 for each of the loads.

[287] The flow rate data in FIG. 22A shows that Experimental Filter 2
provides a longer more continuous flow rate, indicating a lesser amount of clogging
and proionged lifespan comparead {o the dead end, cross-flow, and vortical cross-flow
filters tested. FIGS. 22A and 22C, which shows a greater granularity of flow rates
show that Experimental Filter 2 has improved flow rate over the other filters tested.
While ali of the fillers show a generally decreasing flow rate over time in early load
counts, from icads 7-13, Experimental Filter 2 showed an increasing flow rate over
time in each of these loads, suggesting that the design of Experimental Filter 2
improves the overall flow rate even as filtered particles accumulate in the tapered-
helical coil and the collection unit. The vortices generaled in the design of the

tapered-hslical coil improve the filtration and flow rate. In particular, vortices
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generated by the configuration of Experimental Filter 2 may resuspend collected
particles on the tapered-helical coil, thereby opening up the mesh for improved flow
and improving filter efficiency and lifespan This improved flow rate may also be dus
to the dual-filter nature of Experimental Filter 2 where filtered liquid can exit the filter
through the tapered-helical coil or the collection unit because both contain a filter
media.

[298] FIG. 220 shows the flow speed measured at flow sensor 1016,
which is the flow speed of the filtered liguids through each of the fillers being tested.
FIG. 22D shows that the flow speed through Experimental Filter 2 remains
significantly higher over time as compared to all other filters tested. In particular, as
shown in FIG. 220, the flow speed through Experimental Filter 2 does not fail below
50 em/s until afier the fifth load, whereas each of the other fillers tested had the flow
speed reduced to below 50 cm/s after one or zero loads. The flow speed data
confirms that Experimental Filler 2 shows mproved performance at high flow speads
and maintains the high flow speeds required for washing machine applications much
longer than the other filters tested. In particular, Experimental Filter 2 maintained a
flow speed of 50 cmi/s or more five times longer {through 400% more loads) than any
of the other fillers {ested. Experimental Filter 2 was also operational through maore
than four times as many loads (13 loads vs. 3 loads, or a 333% increase in number
of loads) than both the Cross-Flow and Vortical Cross-Flow filters tested before a
flow failure was measured. The other filters tested were not able to function
effectively at high flow speeds. The othear filters tested, therefore, also could not be
used repeatedly 1o filter particles, such as microplastics, in high flow applications.

[299] FiG. 22E shows the pressure buildup behind the filter being tested

measured at pressure sensor 1014 over time (o delermine a pressure faillure, while
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FIG. 22F shows the same pressure buildup behind the filter being tested measured
at pressure sensor 1014 for each load up until the flow fallure was determined. The
values shown in FIG. 22F are the pressure value at the end of the load cycle. FIG.
223G shows the pressure buildup behind Experimental Filter 2 measured at pressure
sensor 1014 over time for each of the loads.

{300] As shown in FIGS. 22E-22G, Experimental Filter 2 shows
significantly less pressure buildup over time and repeatad use as compared 1o the
other filters tested. When measuring against number of loads, Experimental Filter 2
showed a much shallower slope for the pressure buildup. Similar {o flow rate, while
all of the filters show increasing pressure buildup for the first several loads, after load
five, Experimental Filter 2 shows decreasing pressure buildup over time for each of
loads six through thirteen. This decreasing pressure appears to correspond to the
increase in flow rate seen in FIGS. 224 and 22C, confirming that Experimental Filler
2 pravides improved performance with better flow with fewer disruptions. Similarly,
the life of the filler and machine may be extended by this behavior without triggering
a pressure fault because of the decreasing pressure over time during each load after
several loads. The design of Experimental Filter 2 facilitates the formation of vortices
to maintain filtered particles in suspension and facilitated the progression of the
filtered particles to the second opening, where they are collected by the collection
unit. This design helps the filter media of the tapered-helical coil remain relatively
free of particle accumulation, thereby prolonging the life of the filter before flow rate
and flow speaed are reduced. The prolonged use life makes the design of
Experimental Filter 2, and other embodiments described herein, an improvement
over other fillers, such as dead-end, cross-flow, conical cross-flow, and vortical

cross-flow filters, because
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ELAMPLE 4: Polvester Cotton and Flocked Efficiency Tesis

{301] A fourth experimental test method was used to evaluate filter
efficiency. This Example measured afficiency of an embodiment of the inventive filter
with design of Experimental Filter 2, except using a 15 um (stainless steel GKD
mesh), by determining the microplastic distribution changes between pre-filtered and
post-filterad washing machine wastewater.

{302] The materiais tested according to this Example were Polyester-
Cotion and Flock Fiber (consistent with Example 2). When selecting samples of each
of these materials, the weight of gach sample lested was consistent, wherein gach
test was performed on two water samples to determing the change in microplastic
distribution. The change in microplastic distribution was used to calculate the
filtration efficiency of the filtration device under test. The following steps will be taken
for each individua! test,

{3031 The following cleaning procedure was performed before testing:

s test setup was cleaned completely with 1-micron pre-filtered water
running for 20 minutes through the entire system and lint-free
Wipes,

e N between tesis, the system was flushed with 1-micron pre-filtered
water running for 5 minutes through the entire system and lint-free
wipes;

e after running waler through the system, any remaining water was
manually biown out of tank 1 and into tank 2,

¢ the inventive filter under test was poured into tank 2;

s any remaining water was manually blow out of tank 2 and into the

sink.
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Washing Machine Tests:

{304] The following washing procedure was next performed using a
Whirlpool front load washing machine Model # WFWSB05MW:

s tested garments had gone through 4 pre-wash cycies, and 2 trigl
tests for a total of 6 washes before undergoing the inventive filter
was placed into the system to filter microplastics.

e Dbefore testing, a blank load {without garments) was run through the
washing machine, meaning a full wash cycle with nothing in the
machine.

s the water that entered the washing machine was maintained at
approximately 3012 °C.

¢ the garments were weighead to keep the weaight to approximately
1.4+0.1 kg for each test.

{305] After inserting the desired garment material of test into washing
machine drum the following load settings were selected on the Whirlpool washing
maching:

e Wash cycle: “Normal

e What to wash? “Delicates”

s Cold temperature (1/5)

s Spin {3/5) ~ 1000RPM

s Soil (1/3) "Light”

{3061 The washing machine effluent was discharged into the first holding
tank with the lid on the tank {(both the first and second holding tanks included lids).

Flock Test:

{3071 For testing of flock materials, the following procedure was
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performed:

¢ Tank 1 was filled with 3.5 gallons of pre-filtered water (1um).

s Approximately 0.5+0.002¢g of flock fiber was added to fank 1. The
flock dish was washed three times with pre-filtered water to remove
any residual flock material.

e Tank 1 was filled until a total of 7 galions of water has entered the
tank, use the incoming moving water to integrate the flock into the
water {without a stir stick).

{308] The following sampling procedure, which included taking a first
sample foilowed by a "Through Filter” procedure to gather a second sample, was
carried out immediately after the foregoing washing steps.

Sampling:

e The stir stick was washed with filtered water.

¢ The outside of the sample bottle with lint-free wipes.

¢ The water in tank was stirred with a stir stick, ensuring the iabeled
end does not enter water.

¢ While the water is moving, the sample bottle was completely
submerged in the water sample.

« (Once the bottle was completely full, the sample bottle was
removed.

Through Filter:

s In this procedure, the water in tank 1 was pumped through the
nventive filter under test and into tank 2.
¢ The remaining water was pushed from tank 1 info tank 2.

Fiber Characterization and Quantification in Wastewater
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{309] The detection of shedded fibers in the effluents from the described
washing machine was performed using a Dynamic Image Analysis technigue and is
referred to as “Hohenstein Dynamic Image Analysis data’. The technigue used to
generate this data herein is described in the article by J. Haap, et al., Microplastic
Fibers Released by Textile Laundry: A New Analyiical Approach for the
Determination of Fibers in Effluents, Water 2019, 11, 2088; doi10.3390/w11102088,
which is herain incorporated by reference for its teachings related to this technique.

{3101 Table 4 below shows the efficiency of an embodiment of the
Vortical Cross-Flow Filter as described herein, showing removal of nearly 91% of
polyester colton particles, which is a reliable proxy of microplastics filtration, as

measured by weight.

Table 4. Polyester Cotton Efficiency by Weight {g):

.................... P re“TeStWeightgumﬁ:P@gt“TQStWeightgumS:
High Count  Low Count HighCount  Low Count
............ G‘agagggﬁgggaﬁazzzgﬁz277927E“65165?78E“05

Low Side: Average:  High Side:

{311] it is clear from the resulls of Example 4 that the inventive
experimental fiter are extremely efficient removing smail particles, such as polyester
cotton particles, from fluids. Graphical representations of the resulis presented in
Table 4 regarding the efficiency of removing polyester cotion particles are shown in
FIGS. 24A-240.

{312] FIGS. 24A and 24B show results of efficiency testing by dynamic

image anaiysis on the inventive filter under test in Exampile 4 by determining the
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microplastic distribution changes {by number of polyester cotton particulates)
betweaen pre-filterad and post-filtered washing maching wastewater, respectively.
FIGS. 24C and 24D show resulis of efficiency testing on the same inventive filter
under test in Example 4 by determining the microplastic distribution changes (by
weight of polvester cotton particulates) between pre-filtered and post-filtered washing
machine wastewater, respeactively.

{313] Tabile 5 below shows the efficiency of a Vortical Cross-Flow Filter
as described herein, showing an average removal of over 98% of flock particles, as

measured by weight.

Pre Test Wéigm Sums: Post Test Waight Sums:
R ........ T R e
“““““ ﬁ‘.‘éﬁ?ﬁ’s‘?Qéézié‘§‘““t‘}fééé?séééé@é“”“““‘“““““““““““‘“““““““““"a“f?ééi‘“?‘EL{‘)‘S‘““““f“é‘f?“%ééi‘é@‘é“é

Low Side:  Average:  High Side:
99.74%  99.87%  100.00%

{314} It is further clear from the resulls of Example 4 that the inventive
experimental filler is extremely efficient removing flock particlies. Graphical
reprasentation of the resuits presented in Table 4 regarding the efficiency of
removing polyester cotion particles are shown in FIGS. 25A-25D.

{315} FIGS. 25A and 258 show results of efficiency testing on the
inventive filler under test in Example 4 by delermining the microplastic distribution
changes (by number of flock particulates) between pre-filtered and post-fiterad

washing machine wasiewater, respectively. FIGS. 25C and 25D show results of
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gfficiency testing on the same inventive filier by determining the microplastic
distribution changes {by weight of flock particulates) between pre-filtered and-post
filtered washing machine wastewatar, respactivaly.

{316] Consistent with the results for Experimental Filter 1 in Example 1,
these data show a measured microplastics filtration efficiency that is significantly
better than the 78% microplastics filtration efficiency of the highestrated
microplastics filter described in the Napper paper. The Experimeantal Filter in
Example 4 has a measured microplastics filtration efficiency at least 12% greater
than the most-efficient prior known microplastics filter.

{317} Thus, unlike the prior filters, the filters described herein have
significantly improved filtering efficiency and performance, capable of meaeling the
siringent requirements of micropiastics legisiation, including a fillering greater than
Q0% of microplastics by mass.

{318} Apparatus, systems, and methods of the disclosure may be
beneficially utilized in filtering applications in which the substance being filtered
resuits in a “cake” {e.¢., a build-up of particles) on the filter media that resulting in an
Increasing pressure drop across the filter meadia. A filtration system of soms
ambodiments of the disclosure may reduce the pressure drop, allowing for reduced
filter cleaning and higheyr filter flow rates with low risk of problems such as flooding or
gquipment damage. Applications include microplastic filtering, whole house filters,
gray water filters, boat filters, chemical process filtration, water filters, plastic resin
filtration for recycling purposes, eic.

{3191 As used herein, unless specifically stated otherwise, the term “or”
encompasses ali possible combinations of glements, except where infeasibie. For

egxample, if it is stated that a component includes X or Y, then, unless specifically
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stated otherwise or infeasible, the component may include X, or Y, or X and Y. As a
second exampie, if it is stated that a component includes X, Y, or Z, then, unless
specifically stated otherwise or infeasible, the component may include X, orY, or Z,
orXand¥Y orXandZ orYand Z or Xand Y and Z. Furthermore, the phrase “one
of Xand Y’ or “one of X or YY" shall each be interpreted in the broadest sense {o
includeoneof X, oronaof Y, oroneof Xandone of Y.

{320] The block diagrams in the figures illustrate the architecturs,
functionality, and operation of possible implementations of systems, methods, and
computer hardware/software products according to various exemplary embodiments
of the present disclosure. In this regard, sach block in a schematic diagram may
represent certain arithmetical or logical operation processing that may be
implemeanted using hardware such as an electronic circuit or an slectronic controf
unit. Blocks may also represent a module, a segment, or a portion of code that
comprises one or more executable instructions for implementing the specified logical
functions. Controllers may be programmed to execute such instructions. i should be
understood that in some implementations, functions indicated in a block may occur
out of the order noted in the figures. For example, two blocks shown in succession
may ba executed or implemented substantially concurrently, or two blocks may
sometimes be executed in reverse order, depending upon the functionality involved.
Some blocks may also be omitted.

{321} it should also be understood that each block of the block diagrams,
and combination of the blocks, may be implemented by special purpose hardware-
based systems that perform the specified functions or acts, or by combinations of
special purpose hardware and computer instructions. it will be appreciaied that the

embodiments of the present disclosure are not limited to the exact construction that
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has been described above and iilusirated in the accompanying drawings, and that
various modifications and changes can be made without departing from the scope
thereof. For example, while examples have been discussed in the context of
microplastic filtration, embodiments of the disclosure may be applicable to other

forms of mass transport.
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WHAT IS CLAIMED IS
1. A filtration device comprising:

a first opening and a second opening,; and

a vortical filter for receiving a fluid extending away from the first opening fowards
the second opening, the vortical filier being configured to generate vortices in the
recaived fluid entering the vortical filter via the first opening and being configurad such
that filtered fluid exits the side of the vortical filter through a filter media surrounding at
least a portion of the circumference of the vortical filter between the first opening and the
second opening, wherein Tiltered materials substantially exit the vortical filter at the

second opening.

2. The filtration device of claim 1, wherein the vortical filter comprises at least one

ril extending continuously from the first opening o the second opening.

3. The filtration device of claim 2, wherein the at least one rib forms a flow path
configured to guide Tiltered particles suspended in the vortices along a flow path to the

second opening.

4. The filtration device of any one of claims 2 or 3, wherein the flow path is
substantially continuous from the first opening to the second opening.

5. The filtration device of any one of claims 3 or 4, wherein the flow path is
configured so as to not inhibit the flow of the fillered materials along the flow path

towards the second opening.
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8. The Tiltration device of any one of claims 2 {o 5, wherein the at least one rib
spirals from the first opening o the second opening with a decreasing radius.
7. The filtration device of any one of claims 1 {0 ©, wherein the first cpening has a

cross-seclional area greater than the cross-sectional area of the second opening.

8. The filtration device of any one of claims 1 1o 7, wherein the vortical filter

comprises g taperad coil.

g The filtration device of any one of claims 1 1o 8, wherein the filler media
comprises a porous matearial configurad o block solids in the fillered materials that are

suspended in the fluid from passing through the filter meadia.

10, The filtration device of any one of claims 110 9, further comprising a collection
unit arranged at the second opening, the collection unit configured to collect solids

filtered from the fluid.

1. The filtration device of claim 10, wherain the collection unit comprises a
removeable collection unit configured to be fastened to the filtration device via 3

fastening mechanism.

12, The filtration device of any one of claims 10 or 11, wherein the collection unit
comprises a dead-end filler comprising:
a collection unit filter media configured o irap solids filtered from the fluid; and

a collection unit outlet configured to allow the fluid to flow therethrough.
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13.  The filtration device of any one of claims 10 10 12, wherein the collectionunitis a

second-stage filtration device.

14. The filtration device of any one of claims 1 to 13, wherein the vortical filler has a

raker reduction ratio B/a in a range between about 0.1 and 10.0 including the end points.

15. The filtration device of any one of claims 1 to 14, wherein the vortical filter has a

raker reduction ratio B/a in a range between about 1.0 and 10.0 including the end points.

16, The filtration device of any one of claims 110 15, wharein the vortical filer has a

raker reduction ratio B/a in a range between about 1.0 and 6.0 including the end points.

17, The filtration device of any one of claims 110 18, wharein the vortical filer has a

raker reduction ratio B/a in a range between about 2.0 and 5.0 including the end points.

18.  The filtration device of any one of claims 110 17, wherein the vortical filer has a

raker reduction ratio B/a in a range between about 3.0 and 4.0 including the end points.

19, The filtration device of any one of claims 2 io 18, wherein the vortical filter is
configured such that

the at least one rib having a rib width,

the at least ane rib having a rib height,

the tapered having a siof height belween adjacent revolutions of the at least one

rib

3
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the vortical filter having a helix height,

the vortical filter having a helix pifch, and

the slot height, rib width, rib height, halix height, and helix pitch being configured
to create a rib overlap configured o generate vortices along a particle flow path to guide

particles-to-be-filtered from the fluid along the rib toward the second opening.

20.  The filtration device of any one of claims 1 10 19, wherain the vortical filter is

configured to provide a cross-flow filiration area across the filter media.

21, The filtration device of any one of claims 1 to 20, wherein the vortical filter has a

variable pich.

22.  The filiration device of any one of claims 1 to 21, wherein the fluid is a liquid.

23.  The filtration device of any one of claims 1 to 21, wherein the fluid is a gas.

24.  The filtration device of any one of claims 1 10 21, wherein the fluid comprises a

washing machine discharge fluid or a biclogical fluid.

25 The filtration device of any one of claims 1 to 24, further comprising a housing,

wherein the filter media is integrated into the housing.

26.  The filtration device of any one of claims 1 {0 24, further comprising a housing
configured to contain the vortical filter, wherein the filler media is fastened between the

housing and the vortical filter.

118



WO 2023/172344 PCT/US2022/082570

27, The filtration device of any one of claims 1 to 26, further comprising a gasket
configured to seal the vortical filter against the filter madia.
28.  The filtration device of any oneg of claims 1 to 27, further comprising:

an enclosure including an inlet opening configurad to guide the fluid to the first
opening, and an outlet opening configured to guide filtered fluid out of the enclosure;
and

a particle collection member configured o collect particles filtered from the fluid,

the particle collection member being removable from the enclosure.

29. The filtration device of claim 28, wherein the particle collection member is
configured to be removed from the enclosure in a manner such that fluid remains in the

enclosure when the particle collection member 1s removed.

30.  The filiration device of any one of claims 1 to 29, further comprising a scraping

mechanism configured to clean the vortical filter and the filter media.

31. The filtration device of any one of claims 1 to 30, wherein the filtration device is

configured to filter discharge fluid from a washing machine.

32.  The filtration device of claim 31, wherein the filtration device is configured to filler

microplastics from the discharge fluid.

33, The filtration device of claim 32, wherein the filtration device is configured to filler
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at least 75% of said microplastics from the discharge fluid after the washing machine

completes 4 or more loads of laundry.

34, A method for filtering solids from a fluid, comprising:

flowing a fluid through a filtration device comprising a vortical filter from a first
opening to a second opening along the vortical filter, the vortical filter comprising at least
one rip;

generating vortices in the fiuid along the at least one rib flowing in a particle flow
path along the at least one rib from the first opening to the second opening; and

filtering particles from the fluid by flowing the fluid through a filter media

surrounding at least a portion of the circumferance of the vortical filter.

35. The method of claim 34, wherein the particle flow path guides the filtered

particlas along the rib towards the second opening.

35.  The method of any one of claims 34 or 35, wherein the particle flow path is

substantially continuous between the first opening and the second opening.

37. The method of any one of claims 34 to 36, wherein the particle flow path is

configured so as to not inhibit the flow of particles along the particle flow path towards

the second opening.

38. The method of any one of claims 34 to 37, wherein the at least one rib spirals

from the first opening o the second opening with a decreasing radius.
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39, The method of any one of claims 34 to 38, wherein the first opening has a cross-

sectional area greater than the cross-sectional area of the second opening.

40.  The method of any one of claims 34 {0 39, wherein the vortical filter comprises a

tapered coil.

41,  The method of any one of claims 34 {0 40, wharein the filter media comprises a
porous material configured to block solids suspended in the fluid from passing through

the filter media.

42, The method of any one of claims 34 to 41, furthar comprising collecting the

filtered particles in a collection unit arranged at the second opening.

43, The method of claim 42, wherein the collection unit comprises a ramoveabla
collection unit configured to be fastenead 1o the second opening via a fastening

mechanism.

44, The method of any one of claims 42 or 43, whersin the collection unit is further

configured to allow the filtered fluid to flow thersthrough.

45, The method of any one of claims 42 10 44, wherein the coliection unit comprises
a dead-end filter comprising a further filter media configured to trap solids filtered from

the fluid.

46, The method of any one of claims 42 to 44, wherein the coliection unit comprises
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a second-stage filiration device.

47.  The maethod of any one of claims 42 o 46, whergin the collection unit collects at

least 70% of solids filtered from the fluid.

48, The method of any one of claims 42 t0 47, wherein the collection unit collects at

least 75% of solids filtered from the fluid.

49 The method of any one of claims 42 to 48, wherein the collection unit collects at

least 80% of solids filtered from the fluid.

50. The method of any one of claims 42 to 48, wherein the coliection unit collects at

least 85% of solids filtered from the fluid.

51. The method of any one of claims 42 to 50, wherein the collection unit collects at

least 80% of solids filtered from the fluid.

52. The methaod of any one of claims 42 to 51, wherein the coliection unit collacts at

Icast 1% of solids filtered from the fluid.

53. The method of any one of claims 42 to 52, wherein the collection unit collects at

least 92% of solids filtered from the fluid.

54, The method of any one of claims 42 1o 53, wherein the coliection unit collects at

least 939% of solids fillered from the fluid.
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55, The method of any one of claims 42 1o 54, wherein the collection unit collects at

least 94% of solids filtered from the fluid.

56. The method of any one of claims 42 1o 55, wherein the coliection unit collects at

least 959% of solids fillered from the fluid.

57, The method of any one of claims 34 to 56, wherein the vortical filter has a raker

reduction ratio B/a in a range between about 0.1 and 10.0 including the end points.

58 The method of any one of claims 34 o 57, wherein the vortical filter has a raker

reduction ratio B/a in a range between about 1.0 and 10.0 including the end points.

59, The method of any one of claims 34 to 58, wherein the vortical filter has a raker

reduction ratio B/a in a range between about 1.0 and 6.0 inciuding the end points.

60, The method of any one of claims 34 to 59, wherein the vortical filler has a raker

reduction ratio B/a in a range betwean about 2.0 and 5.0 inciuding the end points.

B51. The method of any one of claims 34 1o 80, wherein the vortical filier has a raker

reduction ratio B/a in a range between about 3.0 and 4.0 including the end points.

82. The method of any one of claims 34 to 61, wherein the filtering particles from the
fluid by flowing the fluid through the filter media surrounding at least a portion of the

circumference of the vortical filter comprises providing a cross-flow fillration area across
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the filter media.

63. The method of any one of claims 34 to 682, wheregin the vortical filter has a

variable pitch.

64, The method of any one of claims 34 to 63, wherein the fluid is a liquid.

65 The method of any one of claims 34 to 63, wherein the fluid is a gas.

86.  The method of any one of claims 34 to 65, wherein the fluid comprises a washing

machine discharge fluid.

87.  The method of any one of claims 34 {0 66, wherein the filler media is fastened to

the vortical filter by a housing.

868. The method of any one of claims 34 o 67, wherein the vortical filter comprises a

gasket configurad 1o seal the vortical filter against the filter media.

69, The method of any one of claims 34 to 68, further comprising:

enclosing the filtration device in an enclosure comprising an inlet opening
configured to guide the fluid to the first opening and an outlet opening configured 1o
guide filtered fluid out of the enclosure; and

collecting the filtered particies in a particle collection unit.

70, The method of claim 69, wherein the particle collection unit is configured {6 be
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removad from the enclosure in @ manner such that fluid remains in the enclosure when

the particle collection unit is removed.

71, The method of any one of claims 34 to 70, further comprising cleaning the vortical

filier and the filler media using a scraping mechanism.

72.  The method of any one of claims 34 to 71, further comprising:

oroviding the fluid at the first apening at a flow speed greater than 50 cm/sec.

73, The method of any one of claims 34 to 72, further comprising:

providing the fluid at the first opening at a flow speed greater than 70 cm/sac.

74.  The method of any one of claims 34 to 73, further comprising:

providing the fluid at the first opening at a flow speed greater than 80 cm/sec.

75, The method of any one of claims 34 {o 74, further comprising:

providing the Tluid at the first opening at a flow speed greater than 120 cm/sec.

78, The method of any one of claims 34 to 75, further comprising:

oroviding the Tluid at the first opening at a flow speed greater than 140 cm/sec.

77. The method of any one of claims 34 o 76, wherein the solids comprise

microplastics, and the filtering filters greater than 80% of the microplastics by mass

when post-filtered to 10 microns when measured using the method of Example 1.
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78. The method of any one of claims 34 to 77, wherein the solids comprise
microplastics, and the filtering filters greater than 85% of the microplastics by mass

when post-filtered to 10 microns when measured using the method of Example 1.

79, The method of any one of claims 34 {o 78, wherein the solids comprise
microplastics, and the filtering filters greater than 80% of the microplastics by mass

when past-filtered o 10 microns when measured using the method of Example 1.

80. A method for filtering particles from a liguid, comprising:

providing the liquid at a first opening of a filtration device comprising a vortical
filter;

generating vortices in the vortical filter via a rib, the rib having a decreasing
interior cross-section through which the fluid flows;

providing a flow path along the rib for directing particles suspanded in the vortices
towards a second opening of the filtration device; and

filtering a filtered fluid through a filter media adjacent to the flow path.

81. The methaod of claim 80, whersin the flow path is substantially continuous

betweean the first opening and the second opening.

82. The method of any one of claims 80 or 81, wherein the flow path is configured so

as to not inhibit the flow of particles along the flow path towards the second opening.

83. The method of any one of claims 80 to 82, wherein the rib spirals from the first

opening o the second opening with a decreasing radius.
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84, The method of any one of claims 80 to 83, wherein the first opening has a cross-

sectional area greater than the cross-sactional area of the second opening.

85. The method of any one of claims 80 to 84, wherein the vortical filter has a helical

configuration.

88. The method of any one of claims 80 to 85, wherein the filier media comprises a
porous material configured to block solids suspended in the fluid from passing through

the filter media.

87. The method of any one of claims 80 to 86, further comprising collecting the
filtered particles in a collection unit arranged at the second opening.

88 The method of claim 87, wherein the collection unit comprises a ramoveabla
collection unit configured to be fastenead 1o the second opening via a fastening

mechanism.

89. The method of any one of claims 87 or 88, wheresin the collection unit is further

configured to allow the filtered fluid to flow thersthrough.

80.  The method of any one of claims 87 to 83, wherein the coliection unit comprises
a dead-end filter comprising a further filter media configured to trap solids filtered from

the fluid.

81. The method of any one of claims 87 to 90, wherein the coliection unit comprises
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a second-stage filiration device.

92, The method of any one of claims 88 to 81, wherain the collection unit collects at

least 70% of solids filtered from the fluid.

83. The method of any one of claims 88 to 92, wherein the collection unit collects at

least 75% of solids filtered from the fluid.

94. The method of any one of claims 88 to 93, wherein the collection unit collects at

least 80% of solids filtered from the fluid.

g5, The method of any one of claims 88 to 94, wherein the collection unit collects at

least 85% of solids filtered from the fluid.

g6, The method of any one of claims 88 to 95, wherein the collection unit collects at

least 80% of solids filtered from the fluid.

97.  The method of any one of claims 88 to 98, wherein the coliection unit collects at

Icast 1% of solids filtered from the fluid.

88. The method of any one of claims 88 to 87, wherein the collection unit collects at

least 92% of solids filtered from the fluid.

99. The method of any one of claims 88 to 88, wherein the collection unit collects at

least 939% of solids fillered from the fluid.
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100, The method of any one of claims 88 1o 99, wherein the collection unit collects at

least 94% of solids filtered from the fluid.

101, The method of any one of claims 88 to 100, wherein the collection unit collects at

least 95% of solids fillered from the fluid.

102. The method of any one of claims 80 to 85, wherein the vortical filter has a raker

reduction ratio B/a in a range between about 0.1 and 10.0 including the end points.

103, The meathod of any one of claims 80 to 85, whergain the vortical filter has a raker

reduction ratio /o in a range between about 0.1 and 10.0 including the end points.

104, The meathod of any one of claims 80 to 85, whergain the vortical filter has a raker

reduction ratio B/a in a range between about 1.0 and 6.0 inciuding the end points.

105, The method of any one of claims 80 to 85, wherein the vortical filter has a raker

reduction ratio B/a in a range betwean about 2.0 and 5.0 inciuding the end points.

106.  The method of any one of claims 80 {o 85, wherein the vortical filler has a raker

reduction ratio B/a in a range between about 3.0 and 4.0 including the end points.

107.  The method of any one of claims 80 to 85, wherein the filtering particles from the
fluid by flowing the fluid through the filter media surrounding at least a portion of the

circumference of the vortical filter comprises providing a cross-flow fillration area across
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the filter media.

108, The meathod of any one of claims 80 to 85, wherein the vortical filter has a

variable pitch.

109, The method of any one of claims 80 to 108, wherein the fluid is a liguid.

110, The method of any one of claims 80 to 108, wherein the fluid is a gas.

111, The method of any one of claims 80 to 108, wherein the fluid comprises a

washing machine dischargs fluid.

112, The method of any one of claims 80 to 111, wherein the filter media is fasiened to

the vortical filter by a housing.

113, The method of any one of claims 80 to 112, wherein the vortical filter comprises a

gasket configurad 1o seal the vortical filter against the filter media.

114, The method of any one of claims 80 to 113, further comprising:

enclosing the filtration device in an enclosure comprising an inlet opening
configured to guide the fluid to the first opening and an outlet opening configured 1o
guide filtered fluid out of the enclosure; and

collecting the filtered particies in a particle collection unit.

115, The method of claim 114, wherein the particle collection unit is configured o be
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removad from the enclosure in @ manner such that fluid remains in the enclosure when

the particle collection unit is removed.

118, The method of any one of claims 80 to 115, further comprising cleaning the

vortical filter and the filter media using a scraping mechanism.

117, The method of any one of claims 80 to 116, furthar comprising

oroviding the fluid at the first apening at a flow speed greater than 50 cm/sec.

118, The method of any one of claims 80 to 117, further comprising:

providing the fluid at the first opening at a flow speed greater than 70 cm/sec.

119, The method of any one of claims 80 to 118, further comprising:

providing the fluid at the first opening at a flow speed greater than 80 cm/sec.

120.  The method of any one of claims 80 to 118, further comprising:

providing the Tluid at the first opening at a flow speed greater than 120 cm/sec.

121, The method of any one of claims 80 to 118, further comprising:

oroviding the Tluid at the first opening at a flow speed greater than 140 cm/sec.

122, The method of any one of claims 80 to 121, whearein the solids comprise

microplastics, and the filtering filters greater than 80% of the microplastics by mass

when post-filtered to 10 microns when measured using the method of Example 1.
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123, The method of any one of claims 80 to 121, wherein the solids comprise
microplastics, and the filtering filters greater than 85% of the microplastics by mass

when post-filtered to 10 microns when measured using the method of Example 1.

124.  The method of any one of claims 80 to 121, wherein the solids comprise
microplastics, and the filtering filters greater than 90% of the microplastics by mass

when past-filtered o 10 microns when measured using the method of Example 1.

125, Afiliragtion device comprising:

a vortical filter comprising a first opening, a second opening, a rib, and a cross-
flow filtration region betweaen the first opening and the second opeaning;

the tapered helical coil having an interior raker reduction ratio B/o in a range
between (0.1 and 10 including the end points;

whaerein the vortical filter 18 configured to generate vortices in a fluid entering the
vortica! filter via the first opening and being configured such that the filtered fluid exits
through a filier media of the cross-flow filtration region, and

whaerein the vortical filter is configured such that filtered particles substantially exit

the vortical filter at the second opening.

126,  The filtration device of claim 125, wherein the rib exiends continuously from the

first opening to the second opening.

127, The filtration device of any one of claims 125 or 126, wherein the rib forms a flow
path configured to guide filtered particles suspended in the vortices along a flow path {o

the second opening.
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128, The filtration device of any one of claims 125 to 127, wherein the flow path is

substantially continuous from the first opening to the second opaning.

129, The filtration device of any one of claims 125 to 128, wherein the flow path is
configured so as to not inhibit the flow of particles along the flow path towards the

sacond opening.

130, The filtration device of any one of claims 125 {0 129, wherein the rib spirais from

the first opening to the second opening with a decreasing radius.

131,  The filtration device of any one of claims 125 1o 130, wherein the first opening

has a cross-sectional area greater than the cross-sectional area of the second opening.

132, The filtration device of any one of claims 125 to 131, wherein the vortical filter

comprises a tapered coil.

133, The filtration device of any one of claims 125 10 132, whearein the filter media
comprises a porous material configured to block solids suspended in the fluid from

passing through the filier media.

134, The filtration device of any one of claims 125 1o 133, further comprising a

collection unit arranged at the second opening, the collection unit configured {o collect

solids filtered from the fluid.
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135, The filtration device of claim 134, wherein the collection unit comprises a
removeable collection unit configured to be fastened o the filtration device vig a

fastening mechanism.

136,  The filtration device of any one of claims 134 to 135, wherein the collection unit
comprises a dead-end filter comprising:
a further filter media configured {o trap solids filtered from the fluid; and

a collection unit outlet configured to allow the fluid to flow therethrough.

137, The filtration device of any one of claims 134 to 136, wherein the collection unit is

a second-stage filtration davice.

138.  The filiration device of any one of claims 134 to 137, wherein the collection unit

collects at least 70% of solids filtered from the fluid.

139, The filtration device of any one of claims 134 to 137, wherein the collection unit

collects at least 75% of solids filtered from the fluid.

140, The filtration device of any one of claims 134 to 137, wherein the collection unit

configured to collect at least 80% of solids filtered from the Tluid.

141, The filtration device of any one of claims 134 to 137, wherein the collection unit

configured to collect at least 85% of solids filtered from the fluid.

142.  The filtration device of any one of claims 134 10 137, wherein the collection unit
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configured to collect at least 80% of solids filtered from the Tluid.

143, The filtration device of any one of claims 134 to 137, wherein the collection unit

configured to collect at least 81% of solids filtered from the fluid.

144, The filtration device of any one of claims 134 10 137, wherein the collection unit

configured to collect at least 2% of solids filterad from the fluid.

145, The filtration device of any one of claims 134 10 137, wherein the collection unit

configured to collect at least 93% of solids filtered from the fluid.

146, The filtration device of any one of claims 134 to 137, wherein the collection unit

configured to collect at least 94% of solids filtered from the fluid,

147, The filtration device of any one of claims 134 to 137, wherein the collection unit

configured to collect at least 95% of solids filtered from the fluid.

148, The filtration device of any one of claims 125 {0 147, wherein the raker reduction

ratio B/ais in a range between about 1.0 and 10.0 including the end points.

149, The filtration device of any oneg of claims 125 to 147, wherein the raker reduction

ratio /o is in a range between about 1.0 and 8.0 including the end points.

150, The filtration device of any one of claims 125 to 147, wherein the raker reduction

ratio B/ais in a range between about 2.0 and 5.0 including the end points.

136



WO 2023/172344 PCT/US2022/082570

151, The filtration device of any oneg of claims 125 to 147, wherein the raker reduction

ratio /o is in a range between about 3.0 and 4.0 including the end points.

152, The filtration device of any one of claims 125 to 147, wherein the vortical filter is
configured such that:

tha rib has a rib width,

the rib has a rib height,

the vortical filter having a slot height between adjacent revolutions of the rib,

the vortical filter has a helix height,

the vortical filter has a helix pitch, and

the slot haight, rib widih, rib height, helix height, and helix pitch beaing configured
to create a rib overlap configured to generaie the vortices to guide particles-to-be-

filtered from the fluid along the rib toward the second opening.

153, The filtration device of any one of claims 125 to 152, wherein the vortical filter is

configured to provide a cross-flow filtration area across the filter media.

154, The filtration device of any one of claims 125 to 153, wherein the vortical filter has

a variable pitch.

155, The filtration device of any one of claims 125 {0 153, whersin the fluid s a guid.

156, The filtration device of any one of claims 125 to 153, wherein the fluid is a gas.
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157,  The filtration device of any one of claims 125 10 153, wherein the fluid comprises

a washing machine discharge fluid,

158, The filtration device of any one of claims 125 to 153, further comprising a

housing, wherein the filter media is integrated into the housing.

158, The filtration device of any one of claims 125 to 158, further comprising a housing
configured to contain the vortical filter, wherein the filter media is fastenead between the

housing and the vortical filter.

160, The filtration device of any one of claims 125 to 159, further comprising a gasket

configured to seal the vortical filter against the filter media.

161, The filtration device of any one of claims 125 t0 159, further comprising:

an enclosure including an inlet opening configured to guide the fiuid to the first
opening, and an cutlet opening configured o guide filtered fluid out of the enclosure;
and

a particle collection member configured o collect particlas fillered from the fluid,

the particle collection member being removabie from the enclosure.

162, The filtration device of claim 1861, wherein the particle collection member is
configured to be ramoved from the enclosure it a manner such that fluid remains in the

gnclosure when the particle collection member is removed.

183, The filtration device of any one of claims 125 to 182, further comprising a
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scraping mechanism configured {o clean the vortical filier and the filler media.

1684, A method for filtering particles from g fluid comprising:

providing a vortical filter comprising a first opening, a second cpening, a rib, and
a cross-flow filiration region between the first opening and the second opening;

providing a fluid at the first opening at a flow speed greater than 50 cmi/sec, the
fluid comprising particles to be filtered from the flud;

generating vortices in the fluid in a particle filiration path in a direction from the
first opening to the second opening in the cross-flow filtration region along the rib;

filtering the particles from the fluid along the particie filtration path by flowing the
fluid through a filter media surrounding at least a portion of the circumference of the
vortical filler: and

removing the filtered particles from the vortical filier at the second opening.

165, The method of claim 164, wherein the particle filtration path guides the filtered

particles along the rib towards the second opening.

166. The method of any one of claims 1684 or 1685, wherain the particle fillration path is

substantially continuous between the first opening and the second opening.

167. The method of any one of claims 164 to 168, wherein the particle filtration path is
configured so as 1o not inhibit the flow of particles along the particle filtration path

towards the second opening.

168, The method of any one of claims 164 {0 167, wherein the rib spirals from the first
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opening o the second opening with a decreasing radius.

169, The meathod of any one of claims 187 or 168, wherein the first opening has a

cross-sectional area greater than the cross-sectional area of the second opening.

170,  The method of any one of claims 164 {0 168, wherein the vortical filter comprises

a tapered coil.

171, The method of any one of claims 164 {0 170, wherein the filter media comprises a
porous material configurad o biock solids suspended in the fluid from passing through

the filter media.

172, The method of any one of claims 164 to 171, further comprising collecting the

filtered particles in a collection unit arranged at the second opening.

173, The method of claim 172, wherein the collection unit comprises a removeable
coliection unit configured to be fastened 1o the second opening via a fastening

mechanism.

174, The method of any one of claims 172 or 173, wherein the collection unit is further

configured to allow the filterad fluid to flow therethrough.

175, The method of any one of claims 172 1o 174, wherein the collection unit
comprises a dead-end filter comprising a further filler media configured to trap solids

filtered from the fluid.
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176,  The method of any one of claims 172 1o 175, wherein the collection unit

comprises a second-stage filtration device.

177.  The method of any one of claims 172 {0 176, wherein the collection unit colieclts

at least 70% of solids filtered from the fluid.

178. The method of any one of claims 172 {0 178, wherein the coliection unit coliects

at least 75% of solids filtered from the fluid.

179, The meathod of any one of claims 172 {0 178, wherain the collection unit coliects

at least 80% of solids filtered from the fluid.

180, The method of any one of claims 172 {0 178, wherain the collection unit coliects

at least 85% of solids filtered from the fluid.

181, The method of any one of claims 172 {0 176, wherein the collection unit coliects

at least 80% of solids filtared from the fluid.

182. The method of any one of claims 172 {0 176, wherein the collection unit coliects

at least 81% of solids filtered from the fluid.

183, The method of any one of claims 172 1o 170, wherein the collection unit coliects

at least 82% of solids filtered from the fluid.
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184, The method of any one of claims 172 10 176, wherein the collection unit coliects

at least 83% of solids filtered from the fluid.

185, The method of any one of claims 172 1o 176, wherein the collection unit coliects

at least 84% of solids filtered from the fluid.

186, The method of any one of claims 172 1o 178, wherein the collection unit coliscts

at least 85% of solids filtered from the fluid.

187.  The method of any one of claims 164 to 188, wherein the vortical filter has a

raker reduction ratio Bfa in a range betweaen about 0.1 and 10.0 including the end points.

188. The method of any one of claims 164 to 186, wherein the vortical filter has a

raker reduction ratio Bfa in a range betweaen about 1.0 and 10.0 including the end points.

189, The method of any one of claims 164 to 186, wherein the vortical filter has a

raker reduction ratio B/a in a range between about 1.0 and 6.0 including the end points.

190, The method of any one of claims 164 {0 188, wherein the vortical filter has a

raker reduction ratio B/a in a range between about 2.0 and 5.0 including the end poinis.

191, The meathod of any one of claims 164 {0 188, wherain the vortical filter has a

raker reduction ratio B/a in a range between about 3.0 and 4.0 including the end points.

192, The method of any one of claims 1684 {0 186, wherein the filtering particles from
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the fluid by flowing the fluid through the filter media surrounding at least a portion of the
circumference of the vortical filter comprises providing a cross-flow filtration area across

the filter media.

193, The method of any one of claims 164 to 186, wherein the vortical filter has a

variable pitch.

194, The method of any one of claims 1064 {o 188, wherein the fluid is a liguid.

195, The method of any one of claims 164 to 186, wherein the fluid is a gas.

196, The method of any one of claims 164 to 186, wherein the fluild comprisas a

washing machine discharge fluid.

197, The method of any one of claims 164 to 186, wherein the filter media is fastened

to the vortical filter by a housing.

198, The method of any one of claims 1684 to 197, wherein the vortical filter comprisas

a gasket configured to seal the vortical filter against the filter media.

199, The method of any one of claims 164 to 188, further comprising:

enclosing the filtration device in an enclosure comprsing an inlat opaning
configured to guide the fluid to the first opening and an outlet opening configured to
guide filiered fluid out of the enclosure; and

collecting the filtered particies in a particle collection unit.
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200, The method of claim 198, wherein the particle collection unit is configured to be
removed from the enclosure in a manner such that fluid remains in the enclosure when

the particle collection unit is removed.

201, The method of any one of claims 164 {0 200, further comprising cleaning the

vortical filter and the filter media using a scraping mechanism.

202. The method of any one of claims 164 to 201, further comprising:

providing the fluid at the first opening at a flow speed greater than 70 cmi/sec.

203, The method of any one of claims 164 to 201, further comprising:

oroviding the fluid at the Tirst opening at a flow speed greater than 80 cm/sec.

204, The method of any one of claims 164 to 201, further comprising:

providing the fluid at the first opening at a flow speed greater than 120 cm/fsec.

205 The method of any one of claims 164 to 201, further comprising:

oroviding the fluid at the first opening at a flow speed greater than 140 cmisec.

206, The method of any one of claims 164 to 201, wherein the solids comprise
microplastics, and the fillering filters greater than 80% of the microplastics by mass

when post-filtered to 10 microns when measured using the method of Example 1.

207, The method of any one of claims 164 {0 201, wherein the solids comprise
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microplastics, and the filtering filters greater than 85% of the microplastics by mass

when post-filtered to 10 microns when measured using the method of Example 1.

208, The method of any one of claims 164 to 201, wherein the solids comprise
microplastics, and the filiering fillers greater than 90% of the microplastics by mass

when post-filtered t¢ 10 microns when measured using the method of Example 1.

209, A method for filtering microplastics from a washing machine discharge fluid,
cCOMprising:

providing the washing machine discharge fluid at a first opening of a vortical filter
of a filiration device, the tapered helical coil comprising a rib, the rib having & decreasing
interior radius between the first opening and a second opening of the vortical filter;

generating vortices in the washing machine discharge fluid along the rib along a
particla filtration path in a direction from the first opening to the second opening;

filtering microplastics from the washing machine discharge fiuid aiong the particle
filiration path by flowing the washing machine discharge fluid through a filter media
surrounding at least a portion of the circumferance of the vortical filter; and

removing the filtered microplastics from the vortical filter at the sacond opening,

wherein the filtering the microplastics filters greater than 80% of the microplastics
by mass when post-filtered to 10 microns when measured using the method of either

Example 1 or Example 2.

210, The method of claim 209, wherein the filtering filters greater than 85% of the
microplastics by mass when posti-filtered to 10 microns when measured using the

method of Example 1.
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211, The method of any one of claims 208 to 210, wherein the filtering filters greater
than 80% of the microplastics by mass when post-filtered {0 10 microns when measured

using the method of Example 1.

212.  The method of any one of claims 208 {0 211, wherein the particle filtration path is

substantially continuous between the first opening and the second opening.

213.  The method of any one of claims 208 to 212, wherein the particle filtration path is
configured so as {o not inhibit the flow of microplastics along the particle filtration path

towards the second opening.

214, The method of any one of claims 209 to 213, wherein the rib spirals from the first

opening to the second opening with a decreasing radius.

215 The method of any one of claims 209 to 214, wherein the first opening has a

cross-sectional area greater than the cross-sectional area of the second opening.

216, The method of any one of claims 209 to 215, wherein the vortical filter comprises

a tapered coil.

217. The method of any one of claims 209 {0 218, wherain the filler media comprises a

porous material configured {0 block solids suspended in the fluid from passing through

the filter media.
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218. The method of any one of claims 209 to 216, further comprising collecting the

filtered microplastics in a collection unit arranged at the second opening.

219, The method of claim 218, wherein the collection unit comprises a removeable
coliection unit configured 0 be fastened to the second opening via a fastening

mechanism.

220. The method of any one of claims 218 or 219, wherein the collection unit is further

configured to allow the filtered washing machine discharge fluid to flow therethrough.

221, The meathod of any one of claims 209 {0 220, wherain the collection unit
comprises a dead-end filter comprising a further filter media configured to trap solids

filtered from the washing machine discharge Tiuid.

222 The method of any one of claims 208 to 220, wherein the collection unit

comprises a second-stage filtration device.

223 The method of any one of claims 208 to 222, wherein the collection unit coliects

at least 70% of solids filtered from the fluid.

224, The method of any one of claims 208 to 222, wherein the collection unit collects

at least 75% of solids filtered from the fluid.

225 The method of any one of claims 209 to 222, wherein the collection unit coliecis

at least 80% of solids filtered from the fluid.
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226, The method of any one of claims 208 to 222, wherein the collection unit coliects

at least 85% of solids filtered from the fluid.

227, The method of any one of claims 209 to 222, wherein the collection unit coliecis

at least 90% of solids filtered from the fluid.

228. The method of any one of claims 209 {0 222, whereain the collection unit coliects

at least 919% of solids filtered from the fluid.

229, The meathod of any one of claims 209 {0 222, wherain the collection unit coliects

at least 92% of solids filtered from the fluid.

230. The method of any one of claims 209 {0 222, wherain the collection unit coliects

at least 83% of solids filtered from the fluid.

231, The method of any one of claims 208 {0 222, wherein the collection unit coliects

at least 84% of solids filtered from the fluid.

232. The method of any one of claims 208 o 222, wherein the collection unit coliects

at least 85% of solids filtered from the fluid.

233, The method of any one of claims 208 to 222, wherein the vortical filler has a

raker reduction ratio B/a in a range between about 0.1 and 10.0 including the end points.
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234, The method of any one of claims 208 {o 222, wherein the vortical filler has a

raker reduction ratio B/a in a range between about 1.0 and 10.0 including the end points.

235,  The method of any one of claims 208 to 222, wherein the vortical filler has a

raker reduction ratio B/a in a range between about 1.0 and 6.0 including the end points.

236, The method of any one of claims 208 to 222, wherein the vortical filter has a

raker reduction ratio B/u in a range between about 2.0 and 5.0 including the end points.

237,  The method of any one of claims 208 to 222, wherein the vortical filter has a

raker reduction ratio Bfa in a range betweaen about 3.0 and 4.0 including the end points.

238, The method of any one of claims 209 to 222, wherein the fillering the
microplastics from the washing machine discharge fluid by flowing the washing machine
discharge fluid through the filter media surrounding at least a portion of the
circumference of the vortical filter comprises providing a cross-flow filtration area across

the filler media.

238, The method of any one of claims 209 to 222, wherain the vortical filter has a

variable pitch.

240. The method of any one of claims 209 {0 222, wherain the filler media s fastenad

to the vortical filter by a housing.

241, The method of any one of claims 208 {0 222, wherein the vortical filter comprises
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a gasket configured to seal the vortical filter against the filter media.

242. The method of any one of claims 209 {0 222, further comprising:

enclosing the filtration device in an enclosure comprising an inlet opening
configured to guide the washing machine discharge fluid o the first opening and an
outlet opening configured to guide filterad washing machine discharge fluid out of the
anclosure; and

collecting the filtered microplastics in a particle collection unit.

243 The method of claim 242, wherein the particle collection unit is configured to be
removed from the enclosure in a manner such that washing machine discharge fluid

remains in the enclosure when the particle collection unit is removed.

244, The method of any one of claims 209 {0 243, further comprising cleaning the

vortical filier and the filler media using a scraping mechanism.

245, The method of any one of claims 209 {0 243, further comprising:
providing the washing machine discharge fluid at the first opening at a flow speed

greater than 50 cm/sec.

246, The method of any one of claims 209 to 243, further comprising:
oroviding the washing machine discharge fluid at the first opening at a flow speed

greater than 70 cm/sec.

247. The method of any one of claims 209 to 243, further comprising:
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oroviding the washing maching discharge fluid at the first opening at a flow speed

greater than 80 cm/isec.,

248 The method of any one of claims 209 to 243, further comprising:
providing the washing machine discharge fluid at the first opening at a flow speed

greater than 120 cm/sec.

248, The method of any one of claims 209 to 243, further comprising:
oroviding the washing maching discharge fluid at the first opening at a flow speed

greater than 140 cm/sec.

250, A controller comprising:
a processor; and
a storage communicatively coupled o the procassor, wherein the processor is
configured to execute programmed instructions stored in the storage to:
determine a parameter of fluid flow through a filter; and

operate a scraping mechanism of the filler based on the parameter.

251, The filtration device of any one of claims 1-33 or 125-163, wherein the vortical

filter comprises a tapered coil.

252. The filtration device of claim 251, wherein tha tapared coil is substantially cone-

shaped.

253.  The filtration device of claim 251 or 252, wherein the taperad coll comprises a
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tapered-helical coil.

254, The filtration device of any oneg of claims 1-33 or 125-163, wherein the vortical

filter includes one or more pressure reguiating mechanisms.

255, The filtration device of claims 254, wherein the one or more pressure regulating
mechanisms comprises at least one pressure raegulating hole that extends from the inner

diameter of the vortical filler {0 the cuter diameter of vortical filter.

256, The filtration device of claim 255, wherein the at least one pressure regulating
hole has a diameter and is praesent in a number sufficient to mitigate back pressure

within a filtration system by diverting pressure away from the inlet.

257. The filtration device of claim 255, wherein the at least ong pressure reguiating

hole has a diameter in a range, including the end points, between 0.03 and 0.10 in.

258.  The filtration device of claim 255, wherein the number of pressure regulating

-

hioles is in a range, including the end points, between 5 and 15

259, The filtration device of claim 255, wherein the pressure regulating holes comprise

at least one pressure relief valve.

260, The filtration device of any one of claim 256, wherein the at least one pressure
relief valve opens when the back pressure within the filtration system reaches a

pressure ranging from 1 to 10 psi.
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261, The filtration device of any one of claim 260, wherein the at least one pressure
relief valve opans when the back pressure within the filtration system reaches a

pressure in a rangse, including end points, from 2 to & psi.

262. The method of any one of claims 34-124 or 164-249, wherein the vortical filter

comprises a tapeared coil.

263. The method of claim 262, wherein the tapered coil has a tapered helical

configuration.

264, The method of claim 262 or 263, wherein the taperad coil is substantially cone-

shaped.

265, The method of any one of claims 262-264, wherein the tapered coil comprises a

taperad-helical coil.
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