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CLARIFIER FOR WATER TREATMENT

CROSS REFERENCE TO RELATED APPLICATIONS

{6001} This application claims claim priority to United States Provisional Patent
Application No. 62/543,036, filed August 9, 2017, United States Provisional Patent
Application No. 62/598,623, filed December 14, 2017, and United States Utility Patent
Application 16/059,409, filed August 9, 2018, the disclosures of which are herchy

incorporated by reference in their entireties.

BACKGROUND OF THE INVENTION

Field of the Invention

{60821 The present invention relates to a clarifier for water treatment, a water treatment
system, and a method for treating water {e.g., wastewater, industrial water, source water for
potable water). The present invention also relates to a water collection system of a water
treatment systern and a method of collecting clarified water from a water treatruent system,

Description of Related Art

{60831 Clarifiers using inclined plates or sheets are used in the clarification process in a
water treatment system. Prior to the clarification process, the water is subjected to certain
chemistry, such as alum, ivon, or polymers in order to coagulate the particles in the water to
form an agglomerate of the particles hereafter referred to as floc. The water with the
suspended floc then travels up through the plates or sheets and via sedimentation the floc
particles accumuulate on plates or sheets due to gravity, leaving clarified water to proceed to
the top of the system.

{0064] In operation, floc can begin to form a thick layer on the plates or sheets. This layer
is intended to slightly agglomerate until sloughing off the plates and depositing on the bottom
of the basin for removal. However normally over time, this agglomerated tloc will stick to
the plates or sheets and must be periodically cleaned off. Cleaning the floc off the plates or
sheets is typically a manual process and requires the plant to stop clarification while this
maintenance 18 performed.  Therefore, 1t would be desirable to design a clarifier with
improved plates or sheets that minimizes the agglomeration of floc thereon.

{0005] Purchasing cxisting plate or sheet clarifiers require high upfront costs, based in part

on the cost of materials and installation associated therewith. For example, a clanifier
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utilizing stainless steel plates and designed to service a plant receiving 7.5 million gallons per
day (MGD) costs over $630,000. A major part of this cost is associated with the stainless
steel plates of the clarifier. The heavy weight of the stainiess steel plates increases the cost of
the clarifier because the mfrastructure of the clarifier must be sufficiently robust to support
the heavy steel plates. Therefore, it would be desirable to design a more cost-efficient

clarifier compared to existing stainless steel plate clarntiers,

SUMMARY OF THE INVENTION

{0086] The present invention is directed to a clarifier for water treatment including: a
plurality of planar inclined sheets including a flexible polymeric material. Each sheet
inchudes a hydrophobic surface.

{60871 The flexible polymeric material may include a polyethylene {e.g., high density
polyethylene (HDPE), low density polyethylene (LDPE), linear low density polyethylene
(LLDPE)), polypropvlene (PP), polytetraftuoroethylene (PTFE), polyvinyl chloride (PVC},
polyester, or some combination thereof. The flexible polymeric material may be a
hydrophobic material. A surface of the flexible polymeric material may be a fabric treated
with a hydrophobic material to form the hydrophobic surface. The hydrophobic surface may
have an average surface roughness (Sa) of from 3 to 100 um. The clarifier may include a
plurality of vertically-oriented supports, where a sheet of the plurality of planar inchined
sheets is tensioned between the plurality of vertically-oriented supports. A vertically-onented
support of the plurality of vertically-oriented supports may include an inlet opening
configured to allow hquid to flow therethrough. The plurality of planar inchined sheets are
arranged parallel to one another, and each sheet of the plurality of planar inclined sheets may
be tensioned between a plurality of vertically-oriented supports, Vertically-oriented supports
tensioning a first sheet of the plurality of planar inclined sheets may interlock with adjacent
vertically-orienfed supports tensioning a second sheet of the plurality of planar inchined
sheets. The parallel sheets may be positioned at an angle relative to the ground of from 10°
to 90°.

{6088] The present invention is also directed to a water treatment system including: 2
basin; and a clarifier for water treatment inchuding: a plurality of planar inclined sheets
including a flexible polymeric material, where each sheet includes a hydrophobic surface, the
clarifier positioned in the basin. The clarifier further includes a plurality of vertically-
oriented supports. Each sheet of the plurality of planar inclined sheets is tensioned between

the plurality of vertically-oriented supports.
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{6009 The flexible polymeric material may include polvester, polyethylene (e.g., high
density polyethvlene (HDPE), low density polyethylene (LDPE), linear low density
polyethylene (LLDPE}), polypropylene, polytetraftuorocethylene (PTFE}, and/or polyvinyl
chloride (PVC). The hydrophobic surface may have an average surface roughness (Sa) of
from 3 to 100 um. The plurality of planar inclined sheets may be arranged parallel to one
another, Vertically-oriented supports fensioning a first sheet of the plurality of planar
inclined sheets may interlock with adjacent vertically-oriented supports tensioning a second
sheet of the plurality of planar inchlined sheets. The parallel shects may be positioned at an
angle relative to the ground of from 10° to 90°. The water treatment systern may forther
include a collection system including a collection trough arranged at least partially above the
clarifier. The collection system may include a buoyant member configured to support the
collection trough.

{00106] The present invention is also directed to a method for treating water including:
providing the clarifier for water treatment including: a plurality of planar inclined sheets
including a tlexible polymeric matenial, where each sheet inchudes a hydrophobic surface, the
clarifier positioned in the basin; flowing water to the clarifier; collecting clarified water
and/or waste material separated from the water by the clarifier.

{6011} The flexible polymeric material may include polyester, polyethvlene (e.g., high
density polyethyvlene (HDPE), low density polyethylene (LDPE), lincar low density
polyethylene (LLDPE)), polypropylene, polytetrattuoroethylene (PTFE), and/or polyvinyl
chloride (PVC).

{6012} The present invention is also directed fo a clarifier for water treatment including: at
least one module, each module including: a plurality of vertically-oriented supports; and a
planar inclined sheet including a flexible polymeric material tensioned between the plurality
of vertically-oriented supports.

{0013} The clartfier may include a plurality of inclined sheets including the flexible
polymeric material tensioned between the plurality of vertically-oriented supports. The
clarifier may include a plurality of modules, and the plurality of modules may interlock with
one another. Each vertically-oriented support may include a first side including a tongue and
a second side including a groove, where the plurality of modules interlock with one another
by the tongue of a first vertically-oriented support engaging a groove of a second adjacent
vertically-oriented support. The clarifier may inchude a phurality of modules, where the
plurality of modules are arranged parallel to one another. The modules may be positioned at

an angle relative to the ground of from 10° to 9¢°. The sheet may include a hydrophobic
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surface. The flexible polymeric material may inchude polyester, polvethylene {e.g., high
density polyethvlene (HDPE), low density polyethylene (LDPE), linear low density
polyethylene (LLDPE}), polypropylene, polytetraftuoroethylene (PTFE}, and/or polyvinyl
chloride (PVC). The flexible polymeric material may be a hydrophobic material. A surface
of the flexible polymeric material may be a fabric treated with a hydrophobic material to
form the hydrophobic surface. The hydrophobic surface may have an average surface
roughness (Sa) of from 3 to 100 wm. A vertically-oriented support of the plurality of
vertically-oriented supports may include an inlet opening configured to allow hiquid to flow
therethrough.

{0014} The present invention is also directed to a water freatment system including: a
basin; and a clarifier including: at least one module, each module including: a plurality of
vertically-oriented supports; and a planar inclined sheet including a flexible polymeric
material tensioned between the plurality of vertically-oriented supports, the clanfier
positioned in the basin.

{0015} The water treatment system may include a plurality of modules, where the plurality
of modules interlock with one another. Each vertically-oriented support may include a first
side mcluding a tongue and a second side including a groove, where the plurality of modules
interlock with one another by the tongue of a first vertically-oriented support engaging a
groove of a second adjacent vertically-oriented support. The water treatment system may
include a plurality of modules, where the plurality of modules are arranged parallel to one
another. The modules may be positioned at an angle relative to the ground of from 10° to
90°. The flexible polymeric material may include polyester, polyethylene (e.g., high density
polyethylene (HDPE), low density polyethylene (LDPE), linear low density polyethylene
{(LLDPE}), polypropylene, polytetrattuorocthylene (PTFE), and/or polyvinyl chlonde (PVC).
A vertically-oriented support of the plurality of vertically-oriented supports may include an
inlet opening configured to allow hquid to flow therethrough.

{6016] The present invention is also directed to a method for treating water including:
providing a clanifier including: at least one module, cach module including: a plurality of
vertically-oriented supports; and a planar inchined sheet including a flexible polymeric
material tensioned between the plurality of vertically-oriented supports; flowing water to the
clarifier; and collecting clarified water and/or waste material separated from the water by the

clarifier.
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{00171 The present invention is also directed to a water collection system of a water
treatment system including:  a collection trough configured to receive Hauid; and a buoyant
member configured to support the collection trough.

{0018] The collection trough may include a plastic sheet. The collection frough may
include a flexible material. The water collection system may further include at least one
cable to support the collection trough. The buovant member may include an inflatable bag or
pontoon. The buoyant member may be configured to float in water.

{00197 The present invention is also directed fo a water treatment system including: a
basin; a clarifier positioned in the basin; and the water collection system including a
collection trough configured to receive liquid; and a buoyant member configured to support
the collection trough, the water collection system positioned at least partially above and n
fluid commumnication with the clarifier,

{0626] The collection trough may include a plastic sheet. The collection frough may
include a flexible material. The water collection system may further include at least one
cable to support the collection trough. The buovant member may include an inflatable bag or
pontoon. The buoyant member may be configured to float in water.

{0021} The present invention is also directed to a method of collecting clanfied water from
a water treatment system including: providing a water treatment system including: a basin; a
clarifier positioned in the basin; and the water collection system including a collection trough
configured to receive liquid; and a buoyant member configured to support the collection
trough, the water collection system positioned at least partially above and in flud
communication with the clanfier; flowing water to the clanifier; coliecting clanfied water,
clarified from the water, in the collection trough.

{0022} The method may further include collecting waste matenial separated from the water
by the clarifier. The waste materials may be configured to collect at 3 base of the clarifier.
The collection frough may include a plastic sheet. The collection trough may include a
flexible material. The water treatment system may further include at least one cable to
support the collection trough. The buoyant member may include an inflatable bag or
pontoon. The buoyant maember may be configured to float o the water.

{00231 The present invention further includes the subject matter of the following clauses.
{6024} Clause 1: A clarifier for water treatment coroprising: a plurality of planar inclined
sheets comprising a flexible polymeric material, wherein each sheet comprises a hydrophobic

surface.
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{00257 Clause 20 The clarifier of clause 1, wherein the flexible polymeric material
comprises polyester, polyethylene, polypropylene, polytetrafluoroethylene (PTFE), and/or
polyvinyl chloride (PVC).

10026] Clause 3; The clarifier of clause 1 or 2, wherein the flexible polymeric material is a
hydrophobic material.

{00277 Clausc 4: The clarifier of any of clauses 1-3, wherein a surface of the flexable
polymeric material is a fabric treated with a hydrophobic material to form the hydrophobic
surface.

{6028] Clause 5: The clarifier of any of clauses 1-4, wherein the hydrophobic surface has
an average surface roughness (Sa) of from 3 to 100 pm,

{0029} Clause 6: The clarifier of any of clauses 1-3, further comprising a plurality of
vertically-oriented supports, wherein a sheet of the plurality of planar inclined sheets is
tensioned between the plurality of vertically-oriented supports,

{6638 Clause 7: The clarifier of clause 6, wherein a vertically-oriented support of the
plurality of vertically-oriented supports comprises an inlet opening configured to allow liquid
to flow therethrough.

{0031} Clause 8 The clanfier of any of clauses 1-7, wherein the plurality of planar
inclined sheets are arranged parallel to one another, and each sheet of the plurality of planar
inclined sheets is tensioned between a plurality of vertically-oriented supports.

{00321 Clause 9: The clarifier of clause §, wherein vertically-oriented supports tensioning
a first sheet of the plurality of planar inclined sheets interlock with adjacent vertically-
oriented supports tensioning a second sheet of the plurality of planar inclined sheets.

{06331 Clause 10: The clarifier of clause 8 or 9, wherein the parallel sheets are positioned
at an angle relative to the ground of from 10° {0 90°,

{00347 Clause 11: A water treatment system comprising: a basin; and the clarifier
according to any of clauses 1-10 positioned i the basin, the clarnfier further comprising a
plurality of vertically-oriented supports, wherein each sheet of the plurality of planar inclined
sheets 1s tensioned between the plurality of vertically-oriented supports.

{0035] Clause 12: The water treatment system of clause 11, wherein the flexible
polymeric material COMPrises polyester, polyethylene, polypropylene,
polyietrafluoroethylene (PTFE), and/or polyvinyl chloride (PVC).

{0036] Clause 13: The water treatment system of clause 11 or 12, wherein the

hydrophobic surface has an average surface roughness (Sa) of from 3 to 100 um.
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{80371 Clause 14: The water treatment system of any of clauses 11-13, wherein the
plurality of planar inclined sheets are arranged parallel to one another,

i0038] Clause 15: The water treatment system of clause 14, wherein vertically-oriented
supports tensioning a first sheet of the plurality of planar inclined sheets interlock with
adjacent vertically-oriented supports tensioning a second sheet of the plurality of planar
inclined sheets,

{00387 Clause 16: The water treatment system of clause 14 or 15, wherein the parallel
sheets are positioned at an angle relative to the ground of from 10° 1o 90°,

{6048] Clause 17: The water treatment system of any of clauses 11-16, further comprising
a collection systemm comprising a collection trough arranged at least partially above the
clarifier,

i0041] Clause 18: The water treatment system of clause 17, wherein the collection system
comprises a buoyant member configured to support the collection trough.

{00427 Clause 190 A method for treating water comprising: providing the clarifier
according to any of clauses 1-10; flowing water to the clanfier; collecting clarified water
and/or waste material separated from the water by the clarifier.

{00437 Clause 20: The method of clause 19, wherein the flexible polymeric material
comprises polyester, polyethylene, polypropylene, polytetrafluoroethylene (PTFE), and/or
polyvinyl chloride (PVC).

{00447 Clause 21: A clanfier for water treatment comprising: at least one module, each
module comprising: a plurality of vertically-oriented supports; and a planar inclined sheet
comprising a flexible polymeric matenial tensioned between the plurality of vertically-
oriented supports.

{0045 Clause 22: The clarifier of clause 21, wherein a plurality of inclined sheets
comprising the flexible polymeric material are tensioned between the plurality of vertically-
orienied supporis.

{0646] Clause 23: The clarifier of clause 21 or 22, comprising a plurality of modules,
wherein the plurality of modules interlock with one another.,

{00477 Clause 24: The clanifier of clause 23, wherein each vertically-oriented support
comprises a first side comprising a fongue and a second side comprising a groove, wherein
the plurality of modules interlock with one another by the tongue of a first vertically-oriented
support engaging a groove of a second adjacent vertically-oriented support.

{0048] Clause 25: The clarifier of any of clauses 21-24, comprising a plurality of modules,

wherein the plurality of modules are arranged parallel to one another.
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{00491 Clause 26: The clarifier of clause 25, wherein the modules are positioned at an
angle relative fo the ground of from 10° to 90°.

{005¢] Clause 27: The clarifier of any of clauses 21-26, wherein the sheet comprises a
hydrophobic surface.

{60511 Clause 28: The clarifier of any of clauses 21-27, wherein the flexible polymeric
material comprises polyester, polyethylene, polypropylene, polytetratiuoroethylene (PTFE),
and/or polyvinyl chlonide (PVC).

100527 Clause 29: The clarifier of any of clauses 21-28, wherein the tlexible polymeric
material is a hydrophobic matenal.

{00531 Clause 30: The clarifier of any of clauses 27-29, wherein a surface of the flexible
polyrseric material 1s a fabric treated with a hydrophobic material to form the hydrophobic
surface.

{0054] Clause 31: The clarifier of any of clauses 27-30, wherein the hydrophobic surface
has an average surface roughness (Sa) of from 3 to 100 pm.

{0055] Clause 32: The clarifier of any of clauses 21-31, wherein a vertically-oriented
support of the phlurality of vertically-oriented supports comprises an inlet opening configured
to allow liquid to flow therethrough.

{6656] Clause 33 A water treatment system comprising: a basin; and the clarnifier
according to any of clauses 21-32 positioned in the basin.

{00871 Clause 34: The water treatment system of clause 33, comprising a plurality of
modules, wherein the plurality of modules interlock with one another.

{66581 Clause 35: The water treatment system of clause 34, wherein each vertically-
oriented support comprises a first side comprising a tongue and a second side comprising a
groove, wherein the plurality of modules interlock with one another by the tongue of a first
vertically-oriented support engaging a groove of a second adjacent vertically-oriented
support.

{66597 Clause 36: The water treatment system of any of clauses 33-35, comprising a
plurality of modules, wherein the plurality of modules are arranged parallel to one another.
{0060] Clause 37: The water treatment system of clause 36, wherein the modules are
positioned at an angle relative to the ground of from 10° to 90°,

{0661] Clause 38: The water treatment system of any of clauses 33-37, wherein the
flexible polymeric material comprises polyester, polyethylene, polypropylene,

polytetrafluoroethylene {PTFE), and/or polyvinyl chlonide {(PVC).
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{6062] Clause 39: The water treatment system of any of clauses 33-38, wherein a
vertically-oriented support of the plurality of vertically-oriented supports comprises an inlet
opening configured to allow liquid to flow therethrough.

{00637 Clause 40: A mecthod for treating water comprising: providing the clarifier
according to any of clauses 21-32; flowing water to the clarifier; and collecting clarified
water and/or waste material separated from the water by the clarifier,

{00647 Clause 41: A water collection system of a water treatment system comprising: a
collection trough configured to receive liquid; and a buoyant member contfigured to support
the collection trough.

{00635] Clause 42: The water collection system of clause 41, wherein the collection trough
comprises a plastic sheet,

i0066] Clause 43: The water collection system of clause 41 or 42, wherein the collection
trough comprises a flexible material.

{6667} Clause 44: The water collection system of any of clauses 41-43, further comprising
at least one cable to support the collection trough.

{0068] Clause 45: The water collection system of any of clauses 41-44, wherein the
buoyant member coraprises an inflatable bag or pontoon.

{0069] Clause 46: The water collection system of any of clauses 41-45, wherein the
buoyant member is configured to float in water,

{0078] Clause 47: A water treatroent system comprising: a basin; a clanifier posttioned in
the basin; and the water collection system of any of clauses 41-46 positioned at least partially
above and in thud communication with the clanfier,

{6671] Clause 48: The water treatment system of clause 47, wherein the collection trough
comprises a plastic sheet.

{00721 Clause 49: The water treatment system of clause 47 or 48, wherein the collection
trough comprises a flexible material.

{66737 Clause 50: The water treatment system of any of clauses 47-49, further comprising
at least one cable to support the collection trough.

{0074] Clause 51 The water freatment system of any of clauses 47-50, wherein the
buovyant member comprises an inflatable bag or pontoon.

{06751 Clause 52: The water treatment system of any of clauses 47-51, wherein the

buoyant member is configured to float in water.
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{8076] Clause 531 A method of collecting clarified water from a water treatment system
comprising: providing the water treatment systern of any of clauses 47-52; flowing water to
the clarifier; collecting clarified water, clarified from the water, in the collection trough.
{00771 Clause 54: The method of clause 53, further comprising collecting waste material
separated from the water by the clarifier.

{0078] Clausc 55: The method of clause 54, wherein the waste materials are configured to
collect at a base of the clarifier.

{00797 Clause 56 The method of any of clauses 53-55, wherein the collection trough
comprises a plastic sheet.

{60801 Clause 57 The method of any of clauses 53-56, wherein the collection trough
comprises a flexible matenial,

i0081] Clause 58 The method of any of clauses 53-57, wherein the water treatment
system further comprises at least one cable to support the collection trough.

{60821 Clause 59: The method of any of clauses 53-58, wherein the buoyant member
comprises an inflatable bag or pontoon.

{00837 Clause 60: The method of any of clauses 53-59, wherein the buoyant member is
configured to float in the water.

{6084] Clause 61: A clarifier for water treatment comprising: a plurality of inclined fubes
comprising a flexible polymeric material, wherein each tube comprises a hydrophobic
surface.

{00851 Clause 62: The clarifier of clause 61, wherein the flexible polymeric material
comprises polyester, polyethylene, polypropylene, polytetrafluorocthylene (PTFE), and/or
polyvinyl chloride (PV().

10086] Claus 63: The clarifier of clause 61 or 62, wherein the flexible polymeric material
is a hydrophobic material.

{00877 Clause 64: The clarifier of any of clauses 61-63, wherein a surface of the flexible
polymeric material is a fabric ireated with a hydrophobic matenial to form the hydrophobic
surface.

{0088] Clause 65; The clarifier of any of clauses 61-64, wherein the hydrophobic surface
has an average surface roughness (8a} of from 3 to 100 ym.

{00891 Clause 66: The clanifier of any of clauses 61-65, further comprising a support co-
acting with the plurality of inclined tubes so as {o support the plurality of inclined tubes.
{00907 Clausc 67 The clanifier of any of clauses 61-66, wherein the plurality of inclined

tubes forms a honeycomb structure.
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{6091} Clause 68: The clarifier of any of clauses 61-67, wherein a first tube of the plurality
of inchined tubes is fixed fo an adjacent second tube of the plurality of inclined tubes.

{00921 Clause 69 The clarifier of any of clauses 61-68, wherein the plurality of inclined
tubes are positioned at an angle relative to the ground of from 10° to 90°,

{60931 Clause 70: The water treatment system of any of clauses 11-18 or 33-39, further
comprising a sparging system configured to bubble gas to the clarifier to clean the sheets.
{00947 Clause 71: 'The clanfier of any of clauses 1-10 or 21-32, where the sheeis

COMPrise a sag.

BRIEF DESCRIPTION OF THE DRAWINGS

{6095] FIG. 1 shows a perspective view of a module of a clarifier for water treatment;
{8096] FIG. 2 shows a perspective view of two interlocked modules of a claritier for water
treatment;

{80971 FIG. 3 shows a perspective view of a module including a plurality of planar
inclined sheets including flexible polymeric material;

{60981 FIG. 4 shows a perspective view of a water treatment system;

{0099] FIG. 5 shows a side view of the water treatment system of FIG. 4;

{B0106] FIG. 6 shows a front view of the water treatment system of FIG. 5;

{00101} FIG. 7 shows a perspective view of the clarifier shown in FIG. 4 not positioned in
a basin;

{00102] FIG. 8 shows a perspective view of a water treatment system having a clarifier
supported using upper cables;

{00163] FIG. 9 shows a perspective view of a water collection system utilizing buoyant
mernbers;

{00104] FIG. 10 shows a perspective view of a water treatment system including the water
collection system of FIG. 9;

{B0805] FIG. 11 shows a perspective view of another embodiment of a water treatment
systermn;

{60106] FIG. 12 shows a close-up perspective view of the modules of the water treatment
system of FIG. 11 welded together;

{001071 FIG. 13 shows a perspective view of another embodiment of a water treatment
system having a tube clarifier; and

{60188] FIG. 14 shows a perspective view the tube clarifier of FIG. 13 supported by a

frame.
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DESCRIPTION OF THE INVENTION

{0010%9] For purposes of the description heremafier, the terms “apper,” “lower,” “night,”
“left,” “vertical,” “horizontal,” “top,” “bottom,” “lateral,” “longitudinal,” and derivatives
thereof shall relate to the invention as it 1s oriented in the drawing figures. However, it is to
be understood that the nvention may assume alternative variations and step sequences,
except where expressly specified to the contrary, It is also to be understood that the specific
devices and processes illustrated in the attached drawings, and described in the following
specification, are simply exemplary embodiments of the invention. Hence, specific
dimensions and other physical characteristics related to the embodiments disclosed herein are
not to be considered as limiting.

{00116] Also, 1t should be understood that any numerical range recited herein is intended
to include all sub-ranges subsumed therein. For example, a range of “1 to 10" is intended to
include all sub-ranges between (and including) the recited minimum value of 1 and the
recited maximum value of 10, that is, having a minimum value equal to or greater than 1 and
a maximum value of equal to or less than 10,

{00811} In this application, the use of the singular includes the plural and plural
encompasses singular, unless specifically stated otherwise. In addition, in this application,
the use of “or” means “and/or” uniess specifically stated otherwise, even though “and/or”

(19934

may be explicitly used in certain instances. Further, in this application, the use of “a” or “an”
means “at least one” unless specifically stated otherwise.

001127 Referring to FIG. 1, a module 10 for use in a clarifier for water treatment
according to a non-limiting erabodiment is shown. The module 10 includes a sheet 12 having
a hydrophobic surface 13, the sheet 12 including a flexible polymeric matenial. The sheet
may be substantially planar.  In some non-limiting embodiments, the flexible polymeric
material may be a hydrophobic material. As used herein, the term “hydrophobic material” or
“hydrophobic surface” refers to a matenial or surface which exhibits a Water Contact Angle
{(WCA) of at least 90° when contacted with water. In some non-limiting examples, the
flexible polymeric material includes a fabric treated with a hydrophobic material to form the
hydrophobic surface 13. Examples of hydrophobic material includes a silica gel, PTFE,
graphite, and/or graphene. The flexible polymeric material may include polyester,
polyethylene {(e.g., high deunsity polyethylene (HDPE), low density polyethylene (LDPE),
lincar low density polyethylene (LLDPE}), polypropylene, polytetrafluorocthylene (PTFE),

polyvinyl chloride (PVC), or some combination thereof.
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(#0113} In some non-limiting embodiments, the hydrophobic surface 13 may an average
surface roughness (Sa) of from 5 to 20 pm. As measured and reported herein, average

surface roughness (Sa) is a measure of a 3D surface according to the following equation:

5=l

{00114] In the equation Z(x,y) is the function representing the height of the surface relative
to the best fitting plate, and ‘a’ indicates that the integration is performed over the area of
measurement.

{00115} The hydrophobic surface 13 may have a micron-level Sa of from 3 to 100 pm.
The hydrophobic surface 13 may have a rough surface. As used herein, rough may refer to a
surface having a Sa > 15 um, such as 15 pm < Sa < 100 pm. The hydrophobic surface 13
may have a smooth surface. As used herein, smooth may refer to a surface having a Sa < 15
pm.

00116} With continued reference to FIG. 1, the module 10 may include a plurality of
vertically-oriented supports 14. The vertically-oriented supports 14 may be arranged non-
paraliel with the ground and may form an angle with the ground of from 10° to 90°, such as
from 20° to 807, from 35° to 70°, from 40° o 60°, from 45° to 65°, or from 45° to 55°, 50 as
to be inclined. The angle formed by the vertically-oriented supports 14 relative to the ground
may be varied. The angle may be varied using any suitable system, including using the
cables used to support the clarifier described hereinafter. At least one of the sheets 12 may be
tensioned between the vertically-oriented supports 14, The sheet 12 tensioned between the
vertically-oriented supports 14 may form the same angle relative to the ground as the
vertically-oriented supports 14. The sheet 12 may be tensioned between the vertically-
oriented supports 14 so as to be taut therebetween, or the sheet may be tensioned between the
vertically-oriented supports such that the sheet 12 includes some sag. Because the supports
are vertically-oriented supports 14 {as opposed to supports arranged parallel to the ground),
any sag in the sheet may cause gravity to force waste materials (solids) to the center and
bottom of the module 10, as opposed to the waste materials seitling toward the center of the
sheet 12 at some point higher than the bottom of the sheet 12. This is because the sag helps
concentrate the accumulated solids to the center of the sheet 12, similar to a chute. This also
helps separate the influent from the waste stream to jmprove overall clarification by not
disturbing the waste stream with the influent water. Thus, the sheet 12 tensioned between the
vertically-oriented supports 14 is arranged so as to form the inclined module 10 having an

inclined sheet 12,
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{00117}  With continued reference to FIG. 1, at least one of the vertically-oriented supports
14 may mchude an inlet opening 16 configured to allow liquid to flow therethrough. The
dashed arrows and solid arrow show the flow of water and waste materials in the non-limiting
embodiment of the module 10 shown., Water enters the module 10 through the inlet openings
16 of the vertically-oriented supports as shown by the dashed arrows. As the water moves up
the inclined sheet 12, it is clarified by the waste matenals (e.g., sludge) contained in the water
flowed to the module 10 settling to the bottom of the module 10 at the base 17 of the clarifier.
The flow of waste materials settling at the base 17 is shown by the solid arrow.

{66118} Refermnng to FIG. 2, a clarifier 19 18 shown according to one non-limmiting
embodiment. The clarifier 19 may include a plurality of planar inclined sheets 12a, 12b. The
clarifier 19 includes at least one module 10a, 10b, and in the example shown in FIG. 2,
includes two modules 10a, 10b. It will be appreciated that any number of modules 10a, 10b
may be used in the clarifier 19. The plurality of sheets 12a, 12b may be arranged in the
clarifier 19 parallel to one another, with each sheet 12a, 12b tensioned between a plurality of
vertically-oriented supports 14 (they may be the same or different vertically-oriented supports
14}. The modules 10a, 10b may also be arranged in the clarifier 19 parallel to one another.
{00119] With continued reference to FIG. 2, a non-limiting embodiment of the vertically-
oriented supports 14a, 14b is shown. The vertically-oriented supports 14a, 14b may include a
recess 18a, 18b to receive the sheet 12a, 12b, such that the sheet 12a, 12b can be tensioned
between the vertically-oriented supports 14a, 14b. The sheet 12a, 12b may be fitted over a
rod, which is inserted into the recess 18a, 18b, such that the sheet 12a, 12b can be tensioned
between the vertically-oriented supports 14a, 14b.

{00120] With continued reference to FIG. 2, the modules 10a, 10b of the clarifier 19 may
interlock with one another. In one non-limiting embodiment, a first module 10a may
interlock with a second adjacent module 10b by the vertically-oriented supports 14a of the
first module 10a interlocking with the vertically-oriented supports 14b of the second module
10b. The vertically-oriented supports 14a, 14b may include a first side including a groove
20a, 20b and a second side including a tongue 22a, 22b. The vertically-oriented supports
14a, 14b may mierlock with one another by the groove 20b of the first vertically-oriented
support 14a engaging the tongue 22a of the second vertically-oriented support 14b.

{00121] Referring to FIG. 3, another non-linuting embodiment of a clarifier 19 15 shown,
which include the module 10. The module 10 shown in FIG. 4 includes the vertically-
oriented supports 14 as previously described. The vertically-oriented supports 14 include the

tongue 22 and groove 20 as previously described. In this non-limiting embodiment, the
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vertically-oriented suppoits 14 tension a plurality of sheets 12 therebetween. Five sheets 12
are tensioned between the vertically-oriented supports 14 in this particular embodiment, but it
will be appreciated that any number of sheets 12 may be tensioned between vertically-
oriented supports 14 of any single module 10.

{00122] Referming to FIGS. 4-7, a water treatment system 30 is shown according to a non-
limiting embodiment. The water treatment system 30 includes a basin 32 defined by a
plurality of walls and a floor. The water treatment system 30 includes at least one clarifier
19a, 19b positioned in the basin 32,

{00123] With continued reference to FIGS. 4-7, the clarifier 19a, 19b may be supported in
the basin 32 using any suitable arrangement. In one such non-limiting arrangement, each
module 10a, 10b includes at least one rod 34 which extends proximate a lower section of the
module 10a, 10b. A lower cable 36 may engage each of the rods 34, and the ends of the
lower cable 36 may be fastened to a wall 40a, 40b of the basin 32, such that the wall 40a, 40b
of the basin 32 provides support to the clarifier 19a, 19b.

001247 Clarifiers 19a, 19b may be arranged side-by-side as shown m FIGS. 4-7 {(e.g.,
module 10a of the first clarifier 1923 is arranged side-by-side with module 10c of the second
clarifier 19b). A center rod 44 may extend between side-by-side clarifiers 19a, 19b to fix the
side-by-side clarifiers 19a, 19b relative to one another. The center rods 44 may extend from
each module 10a, 10c of the claritier 19a, 19b, proximate a lower section of the modules 10a,
10c. A center cable 46 may engage the center rods 44 and the ends of the center cable 46
may be fastened to the wall of the basin 40a, 40b as previously described. The rods 34 and
the center rods, 44 way engage the lower cable 36 and/or the center cable 46 to act as a rigid
support for the cables 36, 46, which span a relatively long distance between their ends. The
rods 34 may also function fo increase or decrease tension on the sheets 12, so as to increase
or decrease the curvature of the sheets 12.

{00125] With continued reference to FIGS. 4-7, the clarifier 19a, 19b may further include a
collection system inchuding a collection trough 38a, 38b, 38¢ arranged at least partially above
the clarifier 19a, 19b. The collection trough 38a, 38b, 38¢ may be configured to receive
clarified water flowing through the clarifier 19a, 19b, such as the water flowing out the top of
the clarifier 19a, 19b, which has been clarified by gravity causing the waste materials from
the waste water flowed to the clarifier 19a, 19b being settled to the bottom.

{00126] With continued reference to FIGS. 4-7, the basin 32 may include an effluent

channel 42, into which clarified water freated by the water treatment system 30 1s flowed. In
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some non-limiting examples, the clarified water may flow from the collection trough 38a,
38h, 38¢ into the effluent channel 42,

001277 Referring to FIG. 8, another water treatment system 30 is shown according to a
non-limiting embodiment. In this non-limiting embodiment, a lower track 48a, 48b may be
used instead of the previously-described configuration using rods to engage the lower cable
36 and the center cable 46, The lower track 48a, 48b may be positioned proximate the bottom
of the sheet 12. The lower track 48a, 48b may engage the lower cable 36 and/or the center
cable 46 to act as a rigid support for the cables 36, 46, which span a relatively long distance
between their ends.

{00128] With continued reference to FIG. 8, spacer bars 49 may be further included to
span horizontally (parallel to the ground) across the sheet 12 of the module 10. The spacer
bars 49 may be arranged proximate the top and/or the bottom of the sheet 12, as shown in
FIG. 8. The spacer bars 49 may be adjustable in length so that the width between sides of the
sheet may be adjusted, thereby achieving the desired curvature {sag} of the sheet 12, if any
curvature is desired.

{00128] With continued reference to FIG. 8, upper tracks 50a, 50b and upper cables 52a,
52b may also be used as further support for the clarifier 19, The upper track 50a, 50b may be
positioned proximate the top of the sheet 12 and may engage the upper cables 52a, 52b to act
as a rigid support for the upper cables 52a, 52b, which span a relatively long distance
between thewr ends.

i00130¢] Referring to FIG. 9, a water collection system 60 of a water treatment system 30 is
shown, The water collection systers 60 includes a buoyant collection trough 62 configured to
receive a Hgquid, such as clarified water from the top of the clarifier. The collection trough 62
may include a plurality of trough walls 64a, 64b connected by a trough base 66, The trough
walls 64a, 64b, and the trough base 66 may include a plastic sheet and/or a flexible material,
and the frough walls 64a, 64b and the frough base 66 may be made of polyester, polyethylene
{e.g., high density polyethylene (HDPE), low density polyethylene (LDPE), lingar low
density polyethylene (LLDPE)), polypropylene, polytetratluorocthylene (PTFE), polyvinyl
chloride (PVC), or some combination thercof, The trough walls 64a, 64b, and the trough
base 66 may include a light weight material. At least one trough cable 70z, 70b may be used
to support the trough walls 64a, 64b, and the ends of the trough cables 70a, 70b may be
fastened to the basin walls, such that the basin walls support the trough walls 64a, 64b.
{00131 With continued reference to FIG. 9, the water collection system 60 may further

include a buoyant member 68a, 68b configured to support the collection trough 62. In one
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non-limiting example, the buoyant members 68a, 68b may include an inflatable bag(s)
configured to receive gas and to float in water in the basin 32 and flowed through the clarifier
s0 as to support the collection trough 62. The buoyant members 68a, 68b may include a
pontoon having a plastic tube filled with water and/or air such that the buoyant members 68a,
681 float to support the collection trough 62. In some examples, the trough base 66 may be a
buovant member 68a. The buoyant members 68a, 68b may co-act with the trough base 66
and may support and level the trough base 66 {(and thus the collection trough 62) and the
clarifiers to keep them from sagging with the catenary of the cables 70a, 70b. The buoyant
mermbers 68a, 68b may be positioned below the collection trough 62.

{00132] Referring to FIG. 10, a water treatment system 30 according to one non-limiting
embodiment is shown. The water treatment system includes the basin 32, a clanfier 19a, 19b,
19¢, 19d (four in this particular example) positioned in the basin 32, and a water collection
system 60a, 60b, 60c, 60d positioned at least partially above each of the clarifiers 19a, 19b,
19¢, 19d. The water collection systems 60a, 60b, 60c, 60d are in fluid communication with
cach of the respective clarifiers 19a, 19b, 19¢, 19d. The water treatment system 30 may
further include an effluent outlet 723, 72b, 72¢, 72d defined in a wall of the basin 32 between
each of the water collection systems 60a, 60b, 60¢, 60d (such as collection trough 62a) and
the effluent channel 42,

{00133} With continued reference to FIG. 10, 3 method for treating water may include
providing a clarifier 19 as described herein. Water may be flowed into the basin 32 and may
flow to the clarifier 19. Waste material from the water may settle to the botiom of the
clarifier 19 by gravity forcing the waste material to flow down the hydrophobic surface 13 of
the inclined sheet 12, while the clarified water (having less waste materials therein compared
to the initial water) continues to flow up the inclined sheet 12 and into the water collection
system 60. The clarified water may be collected in the collection trough 62 of the water
collection system 60. Thus, the method includes collecting clarified water and/or waste
materials that have been separated by the clarifier 19 from the initial water.

{00134]  With confinued reference to FIG. 10, the water {reatment system 30 may further
include a sparging system 84 positioned in the basin 32, The sparging system 84 may be
positioned on the bottom of the basin 32. The sparging system 84 may include air lines
runuing along beneath and along the length of the clarifiers 19a-19d, which include small
orifices to bubble air to the clarifiers for cleaning. The sparging system 84 may flow air or
other inert gas into the water to encourage removal of sediment from the surface of the sheets

12a. The air may remove sediment from the surface of the sheets 12a by agitating the sheets
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12a (exerting a force thereon} to loosen any accumulation of sediment forming on the surface
of the sheet 12a. Since the sheets 12a are made of the flexible polymeric matenial, the air
bubbles formed from beneath the sheets 12a may exert a force against the underside of the
sheets 12 so that they move to loosen the accumulation thereon. The sheets 12a may be
agitated to encourage removal of the sediment using other potential arrangements. For
example, the water flow to the basin 12 may be pulsed to agitate the sheets 12a. In another
example, the cables of the water treatment system 30 may be moved {0 agitate the sheets 12a.

{00135] Referring to FIGS. 11 and 12, another embodiment of a water treatiment system 30
including a clarifier 19 having a plurality of parallel inclined wodules 10a, 10b having planar
inclined sheets including the flexible polymeric material is shown. In this particular
embodiment, the support 14a of a first module 10a way include an overlap material that
overlaps the support 14b of the adjacent second module 10b so as to form an overlap 76. The
overlap 76 may include a weld 78 or other fastening arrangement (sewing, chemical bonding,
gluing, and the like) such that the overlap material of the first support 14a is fixed to the
second support 14b to fix the first module 10a relative to the second module 10b. Other
arrangements for fixing one module to an adjacent module are also within the scope of the
invention.

{00136] Referming to FIG. 13, a water treatment system 30 having a tube clarifier 19 is
shown. The tube clarifier 19 may include a plurality of inclined tubes 80 formed from a
flexible material. The flexible material may define a cavity so as to form the tube 80, The
tube may have a cross-section of any suitable shape, such as a circle, oval, square, rectangle,
or honeycorab., The flexible matenial may include any of the previously-described flexible
materials of the sheets. The flexible material may have a hydrophobic surface a previously
described and may have a surface roughness as previously described. The plurality of tubes
may be fixed relative to one another. In one example, a first tube may be fastened to an
adjacent second tube, such as by welding, gluing, weaving, or the like. The plurality of
inclined tubes may form an angle with the ground of from 10° to 90°, such as from 20° to
&0°, from 35° to 70°, from 40° to 60°, from 45° to 65°, or from 45° to 55°.

001371  With continued reference to FIG. 13, the plurality of inchined tubes 80 of the tube
clarifier 19 may be tensioned in any number of directions such that the wbular structure of
the clarifier 19 1s formed, as shown in FIG. 19, The tension may be provided by cables fixed
to basin walls or via an external frame.

{00138] Refeming to FIG. 14, the tube clarifier 19 from FIG. 13 is shown, except in this

embodiment, a frame 82 is included to support the clarifier 19. The frame 82 may span the
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edges of the tube clarifier 19 so as to give the tubular clarifier 19 its structure. Other
arrangements for supporting the tube clarifier 19 are within the scope of the invention,
{60139] The following examples are presented to exhibit the general principles of the
invention. The invention should not be considered as limited to the specific examples
presented.

Examples 1-4
{00846} Four samples of the materials detailed in Table 1 (polished 316 stainless steel,
Comparative Example 1}, low density polyethylene (LDPE, Example 2), hincar low density
polyethylene (LLDPE, Example 3), and polyvinyl chlonde (PVC, Example 4)) were attached
to an inclined plate with the ability to adjust the angle of inclination.
{00141} A 55 gallon Plexiglas tank was constructed, and the inclined plate settlers of
Examples 1-4 were placed therein. The angle of inclination of the sheets relative to the
ground was varied from 40° to 657, relative to the ground. Influent from the Allegheny River
which was treated with chemistry sufficient to cause flocculation to occur was flowed to the
inclined plate scitlers,
{00842] After testing was completed, visual inspection of the sheets was performed for the
amount of floc that accumulated on the sheets. A higher amount of floc accumulating on the
sheet indicated a worse performance of the material of the sheet. The sheets for Examples -
4 were ranked relative to one another for each angle of inclination tested based on this visual
inspection. A score of | indicated the best performing matenial, and a score of 4 indicated the
worst performing material. The results are shown in Table 1 below, with the “Total Score”
column summing the scores of each test at the various angles of inclination.

Table 1

Angle of Inclination {a)
60° | 55° | 50° | 45°
omp. BExaraple 1 4 4 4 4 3
{Stainless Steel')

Example 2 2 i 1 1 2 1 8
(LDPE?)

Example 3 3 3 3 3 4 4 20
(LLDPE®)

]
3
2
-3
[
<

Example 4 (PVCH | 1

! Polished 316 stainless steel
2 LDPE Sheet having an average surface roughness (Sa) of ~18 um
3 LLDPE Sheet having an average surface roughness (Sa) of ~5 pym

4 PVC Sheet having an average surface roughness (Sa) of ~7 um
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{606143] As the Total Score indicates, on the whole, sheets made from the flexible
polymeric materials performed betier than the comparative stainless steel sheet.

{00144] While various embodiments were provided in the foregoing description, those
skilled in the art may make modifications and alterations to these embodiments without
departing from the scope and spirit of the invention. For example, it is t0 be understood that
this disclosure contemplates that, to the extent possible, one or more features of any
embodiment can be combined with one or more features of any other embodiment.
Accordingly, the foregoing description is intended to be illustrative rather than restrictive.
The wvention described hereinabove is defined by the appended claims and all changes to the
invention that fall within the meaning and the range of equivalency of the claims are to be

embraced within their scope.
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THE INVENTION CLAIMED IS

1. A clarifier for water treatment comprising:

a plurality of planar inclined sheets comprising a flexible polymeric material,
wherein each sheet comprises a hydrophobic surface, and

wherein the hydrophobic surface has an average surface roughness (Sa) of from 3

to 100 pum.

2. The clarifier of claim 1, wherein the flexible polymeric material comprises
polyester, polyethylene, polypropylene, polytetrafluoroethylene (PTFE), and/or polyvinyl chloride
(PVC).

3. The clarifier of claim 1, wherein the flexible polymeric material is a
hydrophobic material.
4. The clarifier of claim 1, wherein a surface of the flexible polymeric material

is a fabric treated with a hydrophobic material to form the hydrophobic surface.

5. The clarifier of claim 1, further comprising a plurality of vertically-oriented
supports, wherein a sheet of the plurality of planar inclined sheets is tensioned between the plurality

of vertically-oriented supports.

6. The clarifier of claim 5, wherein a vertically-oriented support of the
plurality of vertically-oriented supports comprises an inlet opening configured to allow liquid to

flow therethrough.
7. The clarifier of claim 1, wherein the plurality of planar inclined sheets are
arranged parallel to one another, and each sheet of the plurality of planar inclined sheets is tensioned

between a plurality of vertically-oriented supports.

8. The clarifier of claim 7, wherein vertically-oriented supports tensioning a

first sheet of the plurality of planar inclined sheets interlock with adjacent
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vertically-oriented supports tensioning a second sheet of the plurality of planar inclined sheets.

0. The clarifier of claim 7, wherein the parallel sheets are positioned at an

angle relative to the ground of from 10° to 90°.

10. A water treatment system comprising:

a basin; and

the clarifier according to claim 1 positioned in the basin, the clarifier further
comprising a plurality of vertically-oriented supports, wherein each sheet of the plurality of

planar inclined sheets is tensioned between the plurality of vertically-oriented supports.

1. The water treatment system of claim 10, wherein the flexible polymeric
material comprises polyester, polyethylene, polypropylene, polytetrafluoroethylene (PTFE),
and/or polyvinyl chloride (PVC).

12. The water treatment system of claim 10, wherein the plurality of planar
inclined sheets are arranged parallel to one another.

13. The water treatment system of claim 12, wherein vertically-oriented
supports tensioning a first sheet of the plurality of planar inclined sheets interlock with adjacent

vertically-oriented supports tensioning a second sheet of the plurality of planar inclined sheets.

14. The water treatment system of claim 12, wherein the parallel sheets are

positioned at an angle relative to the ground of from 10° to 90°.

15. The water treatment system of claim 10, further comprising a collection

system comprising a collection trough arranged at least partially above the clarifier.
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16. The water treatment system of claim 15, wherein the collection system

comprises a buoyant member configured to support the collection trough.

17. A method for treating water comprising:
providing the clarifier according to claim 1;
flowing water to the clarifier;

collecting clarified water and/or waste material separated from the water by the

clarifier.

18. The method of claim 17, wherein the flexible polymeric material
comprises polyester, polyethylene, polypropylene, polytetrafluoroethylene (PTFE), and/or
polyvinyl chloride (PVC).
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