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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates generally to treatment of acidic industrial wastewater and, more particularly, to
minimizing precipitation in reverse osmosis systems utilized to treat wastewater.

2. Discussion of the Related Art

[0002] Wastewater associated with phosphate manufacturing operations is typically acidic and typically has fluoride,
ammonia, silica, sulfate, calcium, heavy metal and phosphate species. Various techniques have been utilized to reduce
the level of such contaminants before wastewater can be discharged. For example, the double liming process, followed
by air stripping, is a technique that is typically used. It utilizes lime addition in two stages, to promote precipitation of
fluoride species and phosphate species, followed by high pH, air stripping to remove ammonia. In another technique,
wastewater has been treated by techniques involving chemical precipitation followed by reverse osmosis. Like the double
liming process, such techniques raise the pH of influent wastewater to promote precipitation and solids separation before
the reverse osmosis step. The high chemical costs typically associated with raising the pH of the wastewater make such
processes economically unattractive.

BRIEF SUMMARY OF THE INVENTION

[0003] The present invention provides a method of treating wastewater having a pH less than about 3.5. The method
comprises steps of removing at least a portion of any contaminant from the wastewater in a first separation system,
adjusting the pH of an effluent from the first separation system to at least about 6 or higher after removing at least a
portion of any contaminant, from the wastewater in the first separation system, and removing at least a portion of any
contaminant from the wastewater in a second system after adjusting the pH of the effluent from the first separation
system to at least about 6 or higher.
[0004] The method comprises steps of inhibiting conditions in the wastewater that promote the formation of fluoride
ions and silicate ions, removing any contaminant from the wastewater in a first separation system, promoting formation
of at least one of the fluoride ions and silicate ions, and removing any contaminant from the wastewater to produce a
treated effluent after promoting formation of the fluoride and silicate ions.
[0005] The method comprises steps of maintaining an equilibrium condition for any precipitating contaminant in the
wastewater, removing anyone of phosphates, dissolved solids, ammonia, organic, and colloidal material from the waste-
water, adjusting the equilibrium condition of at least one precipitating contaminant in the wastewater after removing any
one of dissolved solids, ammonia, organic, and colloidal material from the wastewater, and removing any residual fluoride,
ammonia, or dissolved solid material from the wastewater to produce a treated effluent after adjusting the equilibrium
condition of at least one precipitating contaminant in the wastewater.
[0006] The present invention provides a method of removing fluorides and silica from wastewater using a reverse
osmosis system where the method reduces the potential for scaling in the reverse osmosis system. The method entails
promoting conditions in the wastewater that favor the formation of hydrofluorosilicic acid and directing the wastewater
having the hydrofluorosilicic acid to the reverse osmosis system. As the wastewater passes through the reverse osmosis
system, fluorides and silica in the form of the hydrofluorosilicic acid is removed from the wastewater. A second stage
reverse osmosis system can be utilized to remove additional fluorides and silica. In this case, conditions are maintained
in the wastewater effluent from the first reverse osmosis system that favors the formation of fluoride and silicate ions.
Thus, additional fluorides and silica in the form of fluoride and silicate ions are removed as the wastewater passes
through the second reverse osmosis system.
[0007] Further, the present invention entails removing algae from wastewater. In one particular embodiment, the
wastewater is acidic. To remove algae from the wastewater, chlorine or a byproduct of chlorine is added to the wastewater
to kill the algae. Further, bentonite is added and the algae, after being subjected to treatment with the chlorine or chlorine
byproduct, is absorbed and or destabilized by the bentonite. Thereafter the algae can be removed by conventional
process means.
[0008] In one particular embodiment of the present invention, the algae and/or suspended matter is removed through
a ballasted flocculation separation system. In this process, the absorbed algae and bentonite form solids in the waste-
water. In the ballasted flocculation process, a flocculant and insoluble granular material are added to the wastewater to
form a flocculated mixture. The flocculated mixture form flocs, including the absorbed algae and bentonite, that settle
from the wastewater.
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[0009] Other advantages, novel features, and objects of the invention will become apparent from the following detailed
description of the invention when considered in conjunction with the accompanying drawings, some of which are sche-
matic and which are not intended to be drawn to scale. In the figures, each identical or nearly identical component that
is illustrated in various figures is represented by a single numeral. For purposes of clarity, not every component is labeled
in every figure, nor is every component of each embodiment of the invention shown where illustration is not necessary
to allow those of ordinary skill in the art to understand the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Non-limiting embodiments of the present invention will be described by way of example with reference to the
accompanying drawings in which:

FIG. 1 is a process flow diagram showing a wastewater treatment system for performing the method of present
invention;
FIG. 2 is a schematic diagram of a ballasted separation system for performing the method of the present invention;
FIG. 3 is a graph showing the equilibrium relative composition of sulfate and bisulfate species as a function of pH;
FIG. 4 is a graph showing the equilibrium relative composition of hydrofluoric acid and fluoride species as a function
of pH;
FIG. 5 is a graph showing the equilibrium relative composition of ammonium and ammonia species as a function of
pH; and
FIG. 6 is a graph showing the equilibrium relative composition of phosphoric acid and phosphate species as a
function of pH.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Treatment of wastewater containing silica, calcium sulfate, calcium phosphate, calcium fluoride as well as any
other species that can precipitate under neutral, or near neutral, pH conditions present scaling concerns. For example,
reverse osmosis unit operations or systems develop scale when such wastewater is passed therethrough. Other potential
fouling-problems include those associated with soluble organic compounds as well as from organic materials. Conse-
quently, such systems face significant operating costs such as, but not limited to, membrane cleaning and/or replacement
and high chemical consumption. Accordingly, the present invention provides a process for treating wastewater that utilize
chemical equilibrium properties in stages to produce an effluent suitable for discharge in regulated waterways. For
example, the methods in accordance with the present invention can produce effluent, treated wastewater, having low
concentrations of dissolved solids, fluoride, ammonia, phosphate, and sulfate species that can meet water discharge
requirements. The present invention provides a method of treating wastewater having a pH less than about 3.5. The
method comprises steps of removing at least a portion of any undesirable species from the wastewater in a first separation
system, adjusting the pH of an effluent from the first separation system to at least about 6 after removing at least a
portion of any undesirable species from the wastewater in the first separation system, and removing at least a portion
of any undesirable species from the wastewater in a second system after adjusting the pH of the effluent from the first
separation system to at least about 6. The method further comprises a step of clarifying the wastewater prior to performing
the step of removing at least a portion of any undesirable species in the first separation unit operation. The method can
further comprise a step of removing any organic matter from the wastewater prior to performing the step of removing at
least a portion of any undesirable species in the first separation system. The step of removing any organic matter can
comprise adding a disinfectant, a coagulant and a flocculating agent to the wastewater. The method further comprises
a step of removing any fine solids from the wastewater prior to performing the step of removing at least a portion of any
undesirable species in the first separation system. The method further comprises step of adjusting a pH of the wastewater
to about 3 prior to performing the step of removing at least a portion of undesirable species in the first separation system.
The method further comprises a step of reducing any one of ammonia and phosphate in treated wastewater from the
second separation system to levels that comply with established EPA requirements.
[0012] The present invention provides a method of treating wastewater. The method comprises steps of inhibiting
conditions in the wastewater that promote the formation of fluoride ions and silicate ions, promoting conditions in the
wastewater that form or maintain a complexing species of silica and fluoride, removing at least one undesirable species
from the wastewater while promoting condition that form or maintain a complexing species of silica and fluoride, adjusting
the wastewater conditions to inhibit the formation of the complexing species after removing at least one undesirable
species from the wastewater. The method can further comprise a step of removing at least a portion of any organic
matter from the wastewater prior to removing any undesirable species from the wastewater in a first separation system.
[0013] The present invention provides a method of treating wastewater. The method can comprise steps of maintaining
an equilibrium condition for any precipitating species in the wastewater, removing any one of dissolved solids, ammonia,
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organic, and colloidal material from the wastewater, adjusting the equilibrium condition of at least one precipitating
species in the wastewater after removing any one of dissolved solids, ammonia, organic, and colloidal material from the
wastewater, and removing any residual fluoride, ammonia, or dissolved solid material from the wastewater to produce
a treated effluent after adjusting the equilibrium condition of at least one precipitating species in the wastewater. The
step of removing any one of dissolved solids, ammonia, organic, and colloidal material from the wastewater can be
performed while maintaining an equilibrium condition for any precipitating species in the wastewater. The method com-
prises steps of promoting conditions in the wastewater to form or maintain a complexing species of silica and fluoride,
removing at least one undesirable species from the wastewater while promoting conditions to form or maintain a com-
plexing species of silica and fluoride, adjusting the conditions to inhibit the formation of the complexing species of silica
and fluoride after removing at least one undesirable species from the wastewater, and removing any residual undesirable
species from the wastewater to produce a treated effluent after adjusting the conditions to inhibit the formation of the
complexing species. FIG. 1 shows a wastewater treatment system 10 for performing the method of present invention,
which can comprise a first pretreatment system 12 fluidly, connected to a wastewater, influent, in wastewater source
14. Wastewater treatment system 10 can further comprise a second pretreatment system 16 fluidly connected to first
pretreatment system 12. A first separation system 18 and a second separation system 20 is typically fluidly connected
downstream of first and/or second pretreatment systems 12 and 16. Treated wastewater, effluent, typically undergoes
further treatment in final treatment system 22 prior to transfer to discharge 24.
[0014] Influent can be any source of wastewater suitable for treatment in accordance with the present invention. For
example, a suitable influent wastewater can be wastewater accumulated having a relatively acidic pH such as those
from phosphate manufacturing operations.
[0015] The first pretreatment system can comprise one or more unit operations that remove organic matter, such as
algae as well as reduce the turbidity of the influent wastewater stream at its pH. A suitable pretreatment system can
comprise a clarifier having ballasted flocculation subsystems. FIG. 2 shows one such exemplary unit having a coagulation
stage, a maturation stage, a settling stage and a hydrocyclone for performing the method of present invention. The
clarifier 30 can utilize a disinfectant, such as sodium hypochlorite, to deactivate any microorganisms or organic matter
in the wastewater stream; a coagulating agent, such as, but not limited to, bentonite, aluminum sulfate, and ferric chloride,
to promote coagulation of deactivated matter; and a flocculating agent such as, but not limited to, nonionic, cationic,
anionic polymers or combinations thereof, to promote flocculation of the deactivated, coagulated matter. The clarifier
can utilize microsand enhanced settling and hydrocyclone techniques to separate sludge or solids from the liquid-rich
stream. Such systems preferably reduce the turbidity of the wastewater stream to less than about 3 NTU.
[0016] The second pretreatment system comprises one or more unit operations that remove fine solids and/or improve
the turbidity of the wastewater stream. A suitable system can comprise a multimedia filter utilizing any of anthracite,
sand, and garnet. Such systems preferably reduce the turbidity of wastewater to less than about 2 NTU and reduce the
SDI to less than about 4 to reduce the likelihood of downstream fouling:
[0017] The first and second separation systems remove contaminants or undesirable species from the wastewater to
render it suitable for discharge into a body of water. As used herein the phrase suitable for discharge refers to treated
wastewater having contaminant concentrations that meet or exceed United States EPA discharge requirements. For
example, the first and second separation systems can comprise one or more reverse osmosis devices suitable for service
in conditions of the wastewater. Effluent treated wastewater typically has contaminant concentrations as listed in Table 1.

[0018] First separation system 18 can comprise one or more reverse osmosis apparatus having separation membranes
(not shown) suitable for service treatment of wastewater, such as brackish water, having a pH of less than about 3, and
flux rates of about 6 to about 12 GFD because, it is believed, high flux rate greater than about 12 GFD can lead to fouling
and flux rates less than about 6 GFD can lead to low permeate quality. Similarly, second separation system 20 can
comprise one or more reverse osmosis apparatus 20 having separation membranes (not shown) suitable for service

Table 1. Effluent Quality Requirements (in mg/l).

Constituent Concentration

pH 6.5-8.5

Fluoride < 5.0

Ammonia < 1.0

Total Nitrogen < 2.0

Phosphorus < 0.5

TDS < 50
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treatment of wastewater, such as brackish water, having a pH of about 6 to about 7 and flux rates of about 15 to about
20 GFD. As with the reverse osmosis system of the first separation system, higher flux rates can lead to unacceptable
fouling whereas lower flux rates can lead to poor permeate quality. Any reverse osmosis apparatus may be utilized in
the first or second separation system. Suitable examples include those commercially available from United States Filter
Corporation, Milton, Ontario, Canada. Membranes suitable for service in the reverse osmosis apparatus in accordance
with the present invention include FILMTEC BW30-365 membrane available from FilmTec, a subsidiary of The Dow™
Chemical Corporation, Midland, Michigan. The first separation system can be operated to treat wastewater having a pH
of less than about 3.5- to promote the formation and/or removal of bisulfate species to inhibit the formation of sulfate
species and reduce the scaling potential of calcium sulfate. The first separation system can also be operated to treat
wastewater having a pH of less than about 3.5 to promote the formation and/or removal of hydrofluorosilicic species to
reduce the scaling potential of silica and calcium fluoride or both. The first separation system can also be operated to
treat wastewater having a pH of less than about 3.5 to promote the formation and/or removal of phosphoric acid species
to reduce the scaling potential of calcium phosphate. The first separation system can also be operated to treat wastewater
having a pH of less than about 3.5 to reduce the scaling potential of metals. The first separation system can also be
operated to treat wastewater having a pH of less than about 3.5 to promote the formation and/or removal of ammonium
species to improve the ammonia rejection rate. The second separation system can be operated to treat wastewater
having a pH of about 6 to about 7 to promote the formation and/or removal of fluoride species to improve the removal
of such species. The second separation system can be operated to treat wastewater having a pH of about 6 to about 7
to promote the formation and/or removal of silicate species to improve the removal of such species. The second separation
system can be operated to treat wastewater having a pH of about 6 to about 7 to promote the formation and/or removal
of phosphate species to improve the removal of such species. The second separation system can be operated to treat
wastewater having a pH of about 6 to about 7 to promote the formation and/or removal of organic species to improve
the removal of such species. Other techniques may be utilized in the first and second separation system to remove
contaminants or otherwise undesirable species including, but not limited to, electrodialysis, electrodeionization, micro-
filtration, and evaporation/condensation. In some cases, the wastewater treatment system can further comprise an
antiscalant and/or a flocculating agent source disposed to introduce an antiscalant and/or a flocculating agent into the
wastewater upstream of the pretreatment system or either of the separation systems. Any suitable antiscalant can be
used that inhibits the formation of scale in the various unit operations in accordance with the present invention. The
antiscalant can be used as recommended by respective manufacturers but are typically introduce at a concentration of
about 3 to about 4 ppm. Final treatment system 22 can comprise one or more unit operations that further reduce any
contaminant or undesirable species from the treated wastewater and make it suitable for discharge. For example, final
treatment system 22 can comprise one or more mixed-bed polishers that reduce ammonia concentration to less than
about 1 mg/l. The 15 mixed-bed typically can comprise one or more anionic and cationic ion exchange resins that attract
and bind residual charged species in the treated wastewater. The ion exchange resin can be present in the mixed-bed
in any suitable arrangement to further purify the treated wastewater. Examples of suitable ion exchange resins include
the DOWEX™ MARATHON™ resin family, available from The Dow™ Chemical Corporation, Midland, Michigan, as well
as the AMBERLITE™ resin family available from Rohm and Haas Company, Philadelphia, Pennsylvania. Wastewater
treatment system 10 typically further includes an acid source 26 and an alkali source 28. Acid source 26 is typically
connected to an inlet stream of first separation system 18 and alkali source 28 is typically connected to an inlet stream
of second separation system 20. In such an arrangement, acid from acid source 26 can adjust one or more chemical
properties of wastewater to be treated in first separation system 18. For example, the pH of wastewater to be treated in
an inlet 30 of first separation system 18 can be adjusted to control and/or maintain the solubility or equilibrium of one or
more chemical species including, for example, inhibiting formation of precipitating species by, for example, increasing
the solubility of such species and/or promoting the formation of a complexing species comprising such otherwise pre-
cipitating species.
[0019] In accordance with the method of present invention, an acid can be introduced into inlet 30 and mixed with
wastewater to be treated to promote, maintain, or otherwise alter equilibrium conditions to inhibit the formation of any
sulfate (SO4

-2) species and/or favor the formation of any bisulfate (HSO4) species. As shown in FIG. 3, the equilibrium
relative composition of sulfate and bisulfate species varies as a function of pH. Lower pH conditions can promote the
formation of bisulfate species whereas higher pH. conditions can promote the formation of sulfate species. Thus, con-
trolling the pH can affect the availability of sulfate species that typically have a tendency to precipitate in the separation
systems of the present invention.
[0020] Acid addition can be utilized to promote, maintain or otherwise alter equilibrium conditions to promote the
formation of hydrofluorosilicic acid and/or inhibit precipitation of silica and fluoride species. As shown in FIG. 4, the
equilibrium relative composition of hydrofluoric acid and fluoride species varies as a function of pH. Lower pH conditions
can promote the formation of hydrofluoric acid species whereas higher pH conditions can promote the formation of
fluoride species. Thus, controlling the pH can affect the availability of hydrofluoric acid species, which, in turn, can affect
the formation of hydrofluorosilicic species and reduce the availability of precipitating silica or silicate species.
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[0021] In still other embodiments, acid addition can be utilized to promote, maintain, or otherwise alter equilibrium
conditions to promote the solubility phosphate species such as, but not limited to, calcium phosphate. For example, the
pH of wastewater to be introduced in inlet 30 of first separation system 18 can be maintained or adjusted to below about
3, typically to below about 2.8, and in some cases to below about 2.5, and in yet other cases to about 2.
[0022] Any acid can be used in accordance with the present invention that serves to lower or maintain the pH of a
stream to the desired pH range. Suitable examples include hydrochloric acid and sulfuric acid or mixtures thereof. The
selection of the particular acid will depend on several factors, including but not limited to, availability and cost as well as
other disposal considerations. For example, hydrochloric acid may be preferable over sulfuric acid to avoid any concen-
tration increases of the sulfate species.
[0023] Likewise, an alkali from alkali source 28 can be utilized to adjust one or more chemical properties of wastewater
to be treated in second separation system 20. As with acid addition, alkali addition can be advantageously utilized to
control and/or maintain the solubility or equilibrium of one or more chemical species. For example, the pH of wastewater
treated from first separation system 18 can be adjusted to promote the formation of silicate or fluoride species, or both,
to facilitate removal thereof from the wastewater stream in second separation system 20. Similarly, the pH can be
adjusted to favor the formation of phosphate and ammonia species to facilitate removal thereof from the wastewater
stream in second separation system 20. Thus, in accordance with one or more embodiments of the present invention,
the pH of wastewater in an inlet 32 of second separation system 20 can be raised to at least about 6, in some cases to
at least about 6.5, and in still other cases to between about 6 and about 7. The pH increase can also facilitate the
formation of organic salt and their removal thereof in second separation system 20 to improve the TOC quality of the
effluent As shown in FIG. 5, the equilibrium relative composition of ammonium and ammonia species varies as a function
ofpH. Lower pH conditions can promote the formation of ammonia species, which can promote removal thereof in the
first separation system. In addition, as shown in FIG. 6, the equilibrium relative composition of phosphoric acid and
phosphate species varies as a function of pH. pH conditions can be controlled to promote the formation of H2PO4

-

species, which can promote removal thereof in the second separation system. Any alkali can be used in accordance
with the present invention that serves to raise the pH of a stream to the desired pH range. Examples suitable for use as
alkali include caustic soda or sodium hydroxide, caustic potash or potassium hydroxide. Preferably, the acid and the
alkali comprise species that are suitable for discharge to a body of water. As used herein the terms contaminants and
undesirable species refer to species in the wastewater or treated wastewater that have a defined concentration limit.
Contaminants include, for example, calcium, magnesium, sodium, potassium, aluminum, barium, ammonium, bicarbo-
nate, sulfate, chloride, phosphate, nitrate, fluoride, silica, iron, and manganese comprising species. As used herein, the
term organic matter can include bacteria, microorganism, algae as well as suspended solids comprising such matter.
Also as used herein, the term deactivating refers to rendering organic matter suitable for coagulation and/or flocculation.
The function and advantage of these and other embodiments of the present invention will be more fully understood from
the example below. The following example is intended to illustrate the benefits of the present invention, but do not
exemplify the full scope of the invention.

Example

[0024] This example shows the operation of a wastewater treatment system used to perform the method of the present
invention. In particular, the wastewater treatment system 10, schematically shown in FIG. 1, had pretreatment systems
14 and 16. comprised of a clarifier and a multimedia filter, respectively. The wastewater treatment system further included
a first separation system 18 comprised of a first reverse osmosis apparatus and a second separation system 20 comprised
of a second reverse osmosis apparatus. The treatment system also included final treatment system 22 comprised of a
mixed-bed polisher.
[0025] The clarifier comprised of an ACTIFLO® treatment system, available from OTV SA, and utilized NaOCl to
deactivate, at least partially, any organic matter. The clarifier also utilized bentonite to promote coagulation of the de-
activated organic matter at about 80 to about 250 mg/l, depending on the amount necessary to coagulate the organic
matter. A nonionic polymeric agent, P1 142 high molecular weight polymer from Betz Dearborn, Downers Grove, Illinois,
was also utilized in the clarifier to promote flocculation of the coagulated, deactivated organic matter. The flocculating
agent was introduced at a concentration of about 1 mg/l. Effluent from the clarifier had a turbidity of less than about 3
NTU. Sludge and other semisolid waste from the clarifier was returned to the accumulation pond or otherwise disposed.
[0026] The multimedia filter utilized media comprised of anthracite, sand and garnet to reduce the turbidity of the
wastewater to less than about 2 NTU and to reduce the SDI to less than about 4.
[0027] The mixed-bed polisher utilized a mixed-bed of DOWEX™ MARATHON™ A and DOWEX™ MARATHON™
C ion exchange resins, each available from The Dow™ Chemical Corporation, Midland, Michigan. The mixed-bed
polisher served to further control the concentration of NH3 to below about 1 mg/l, to reduce the concentration of PO4
species to below about 0.5 mg/l.
[0028] The first reverse osmosis apparatus utilized FILMTEC™ BW30-365 membranes from FilmTcc. Corporation, a
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subsidiary of The Dow™ Chemical Corporation, Midland, Michigan. It was operated at an average flux rate of about 10
GFD at about 250-300 psig operating pressure. The second reverse osmosis apparatus also utilized FILMTEC™
BW30-365 membranes. It was operated at an average flux rate of about 18 GFD. If necessary, acid (hydrochloric acid)
was added from an acid source to the influent wastewater stream before treatment in the first reverse osmosis apparatus
to control the pH to below about 3. Alkali, sodium hydroxide, was added to the wastewater stream after the first reverse
osmosis apparatus and before introduction into the second reverse osmosis apparatus to raise the pH to between about
6 and about 7. Influent wastewater was retrieved from an accumulation pond of a phosphate manufacturing facility. It
typically had contaminant concentrations as listed in Table 2. The pH of the wastewater influent into the first reverse
osmosis apparatus was adjusted or maintained at between about 2 to 2.8 to maintain or promote the complexing of
silica and fluoride to form hydrofluorosilicic acid species thereby reducing the scaling potential associated with silica and
calcium fluoride. The pH conditions also served to shift equilibrium to favor the formation of phosphoric acid, calcium
bisulfate and ammonium species and consequently reduced the scaling potential associated with calcium phosphate
and calcium sulfate while promoting removal of ammonia. Table 2 lists the properties, including the contaminant con-
centrations, of the permeate stream from the first reverse osmosis apparatus (First Pass Permeate Composition). Table
2 also lists the properties and contaminant concentrations of the permeate stream from the second reverse osmosis
apparatus (Second Pass Permeate Composition). The data show that the systems and techniques of the present invention
can be used to treat wastewater and produce an effluent suitable for discharge that meets or exceeds BPA water
discharge requirements. This example also illustrated the use of a wastewater treatment system that had lower costs
relative to traditional systems while avoiding lime sludge and other pretreatment chemical disposal.

Table 2. Wastewater Camposition (in mg/l unless indicated).

Constituent Influent Composition First Pass Permeate Composition Second Pass Permeate Composition

Calcium 551 0.25 0.1

Magnesium 229 0.074 0.025

Sodium 1,299 50.7 1.4

Potassium 196 0.86 0.021

Aluminum 8.4 0.05 0.05

Barium 0.02 0.001 0.001

Ammonium 600 5.2 0.27

Bicarbonates 0.78 - 2.4

Sulfates 5,200 5.5 0.2

Chlorides 100 14 0.26

Phosphates 1,600 1.1 0.004

Nitrates 0.26 0.16 0.014

Fluorides 150 35 0.54

Silica 200 0.61 0.3

Iron 5.6 0.02 0.025

Manganese 2.9 0.006 0.005

TDS 11,500 111 15

TSS 24 4 -

BOD 17 0.74 0.2

TOC 66 1.0 0.55

TKN 650 5.9 1

pH 2.8 2.9 6.3

Turbidity (NTU) 14 0.25 0.05

Color (PCU) 110 5 5
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[0029] While several embodiments of the invention have been described and illustrated herein, those of ordinary skill
in the art will readily envision a variety of other systems and structures for performing the functions and/or obtaining the
results or advantages described herein, and each of such variations or modifications is deemed to be within the scope
of the present invention. More generally, those skilled in the art would readily appreciate that all parameters, dimensions,
materials, and configurations described herein are exemplary and that actual parameters, dimensions, materials, and
configurations depend upon specific applications for which the teachings of the present invention are used. Thus, the
size and capacity of each of the unit operations would vary depending on several considerations specific to an installation.
Further, the particular materials of construction of the vessels, pumps, and other components of the system of the present
invention would be dependent also on particular, specific installation considerations but the selection, construction, and
design of such components and systems would be within the scope of those skilled in the art. For example, those skilled
in the art would recognize that stainless steel should be used as materials of construction of unit operations for service
or applications where carbon steel would be unsuitable. Those skilled in the art will recognize, or be able to ascertain,
using no more than routine experimentation, equivalents to the specific embodiments of the invention described herein.
It is, therefore, understood that the embodiments disclosed herein are presented by way of example only and that, within
the scope of the appended claims and equivalents thereto, the invention may be practiced otherwise than as specifically
described. The present invention is directed to each individual method described herein.

Claims

1. A method of removing fluorides from influent wastewater comprising:

a. directing the wastewater to a first reverse osmosis system and removing fluorides from the wastewater;
b. prior to the wastewater entering the first reverse osmosis system, adjusting or maintaining the pH of the
wastewater to less than about 3.5;
c. directing the wastewater from the first reverse osmosis system to a second reverse osmosis system and
removing fluorides from the wastewater;
d. adjusting the pH of the wastewater upwardly after the wastewater has been subjected to treatment in the first
reverse osmosis system and prior to treatment in the second reverse osmosis system;

characterized in that the wastewater includes silica and the method includes forming hydroflorsilic acid in the
wastewater prior to the wastewater being directed through the first reverse osmosis system, and removing fluorides
and silicate with the first reverse osmosis system.

2. The method of claim 1 wherein the influent wastewater also includes calcium, sulfates and phosphates.

3. The method of claim 1 including filtering the wastewater prior to the wastewater being directed to the first reverse
osmosis system.

4. The method of claim 1 including directing the wastewater through a microsand ballasted flocculation system or other
type of clarification process prior to the wastewater being directed to the first reverse osmosis system.

5. The method of claim 4 wherein the microsand ballasted flocculation system or other type of clarification system
produces a clarified effluent and the method includes filtering the clarified effluent from the microsand ballasted
flocculation system or other type of clarification system and directing the filtered effluent from the ballasted flocculation
system to the first reverse osmosis system.

6. The method of claim 1 including adjusting the pH of the wastewater upwardly to at least about 6 or higher before
the wastewater is directed through the second reverse osmosis system.

7. The method of claim 1 wherein the wastewater further includes phosphates, calcium and sulfates.

8. The method of claim 7 wherein the pH of the wastewater effluent from the first reverse osmosis system is adjusted
upwardly to favor the formation of fluoride and silicate ions or to convert any weakly ionized acids into salt form.

9. The method of claim 1 wherein the wastewater further includes calcium, ammonia and phosphates or metals.

10. The method of claim 1 wherein the wastewater includes algae and the method includes mixing chlorine or chlorine
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byproduct with the wastewater to kill the algae, and mixing benonite with the wastewater to absorb or destabilize
the algae.

11. The method of claim 1 including directing the wastewater through a microsand ballasted flocculation system or other
type of clarification system prior to the wastewater being directed to the first reverse osmosis system, and wherein
the wastewater includes algae and the method entails mixing chlorine or a chlorine byproduct with the wastewater
to kill the algae and wherein the algae is removed in the ballasted flocculation system.

12. The method of claim 1 wherein the wastewater includes calcium, phosphates, and sulfates, and the method includes
controlling the pH so as to condition the wastewater to reduce the potential for the formation of calcium fluoride,
calcium phosphate or calcium carbonate and calcium sulfate.

13. The method of claim 1 wherein adjusting the pH of the wastewater effluent from the first reverse osmosis system
upwardly causes fluorides and silica in the wastewater to assume the form of fluoride and silicate ions which are
removed from the wastewater in the second reverse osmosis system.

14. The method of claim 1 wherein the wastewater also includes sulfates, phosphates and ammonia, and wherein prior
to entering the first reverse osmosis system the pH of the waste water is controlled so as to favor the formation of
bisulfates, phosphoric acid and ammonium ions, and wherein adjusting the pH of the wastewater effluent from the
first reverse osmosis system upwardly conditions the wastewater to favor the formation of phosphate ions and
generally increases the ionization of some organics which contribute to the removal of phosphates, organics, and
ammonia from the wastewater.

15. The method of claim 1 wherein the influent wastewater has a pH of less than 3.5.

16. The method of claim 15 wherein the upward adjustment of the pH of the wastewater occurs after the wastewater
exits the first reverse osmosis system.

17. The method of claim 15 wherein the pH of the wastewater effluent from the first reverse osmosis system is adjusted
upwardly to about 6 or more.

18. The method of claim 1 wherein the wastewater originates from an influent wastewater stream having a pH of 3.5 or
less, and wherein the wastewater is subject to one or more pretreatments upstream of the first reverse osmosis
system, and wherein the method includes maintaining the pH of the wastewater at 3.5 or below as the wastewater
passes through the one or more pretreatments and prior to the wastewater entering the first reverse osmosis system.

Patentansprüche

1. Verfahren zum Entfernen von Fluoriden aus zufließendem Abwasser, umfassend:

a. das Leiten des Abwassers zu einem ersten Umkehrosmosesystem und das Entfernen von Fluoriden aus
dem Abwasser;
b. das Einstellen oder Aufrechterhalten des pH-Wertes des Abwassers auf weniger als etwa 3,5, bevor das
Abwasser in das erste Umkehrosmosesystem gelangt;
c. das Leiten des Abwassers von dem ersten Umkehrosmosesystem zu einem zweiten Umkehrosmosesystem
und das Entfernen von Fluoriden aus dem Abwasser;
d. das Einstellen des pH-Wertes des Abwassers nach oben, nachdem das Abwasser eine Behandlung in dem
ersten Umkehrosmosesystem durchlaufen hat und vor der Behandlung in dem zweiten Umkehrosmosesystem;

dadurch gekennzeichnet, dass das Abwasser Kieselsäure enthält und dass das Verfahren das Bilden von Hy-
drofluor-Kieselsäure im Abwasser umfasst, bevor das Abwasser durch das erste Umkehrosmosesystem geleitet
wird und Fluoride und Silikate mit dem ersten Umkehrosmosesystem entfernt werden.

2. Verfahren nach Anspruch 1, wobei das zufließende Abwasser ebenfalls Kalzium, Sulfate und Phosphate enthält.

3. Verfahren nach Anspruch 1, einschließlich des Filterns des Abwassers, bevor das Abwasser zu dem ersten Um-
kehrosmosesystem geleitet wird.
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4. Verfahren nach Anspruch 1, einschließlich des Leitens des Abwassers durch Flockungsanlage mit Bettung aus
Mikrosand oder eine andere Art von Klärverfahren, bevor das Abwasser in das erste Umkehrosmosesystem geleitet
wird.

5. Verfahren nach Anspruch 4, wobei die Flockungsanlage mit Bettung aus Mikrosand oder eine andere Art von
Klärsystem gereinigtes Abwasser erzeugt, und das Verfahren umfasst das Filtern des gereinigten Abwassers aus
der Flockungsanlage mit Bettung aus Mikrosand oder einer anderen Art von Klärsystem und das Leiten des gefilterten
Abwassers aus der Flockungsanlage mit Bettung zu dem ersten Umkehrosmosesystem.

6. Verfahren nach Anspruch 1, einschließlich des Einstellens des pH-Wertes des Abwassers nach oben auf mindestens
etwa 6 oder höher, bevor das Abwasser durch das zweite Umkehrosmosesystem geleitet wird.

7. Verfahren nach Anspruch 1, wobei das Abwasser ferner Phosphate, Kalzium und Sulfate enthält.

8. Verfahren nach Anspruch 7, wobei der pH-Wert des Abwasserstroms von dem ersten Umkehrosmosesystem nach
oben angepasst wird, um die Bildung von Fluorid und Silikationen zu begünstigen oder schwach ionisierte Säuren
in Salzform umzuwandeln.

9. Verfahren nach Anspruch 1, wobei das Abwasser ferner Kalzium, Ammoniak und Phosphate oder Metalle enthält.

10. Verfahren nach Anspruch 1, wobei das Abwasser Algen enthält und das Verfahren das Mischen von Chlor oder
einem Chlor-Nebenprodukt mit dem Abwasser umfasst, um die Algen abzutöten, sowie das Mischen von Bentonit
mit dem Abwasser, um die Algen zu absorbieren oder zu destabilisieren.

11. Verfahren nach Anspruch 1, einschließlich des Leitens des Abwassers durch eine Flockungsanlage mit Bettung
aus Mikrosand oder eine andere Art von Klärsystem, bevor das Abwasser zu dem ersten Umkehrosmosesystem
geleitet wird, und wobei das Abwasser Algen enthält und das Verfahren das Mischen von Chlor oder eines Chlor-
Nebenprodukts mit dem Abwasser enthält, um die Algen abzutöten und wobei die Algen in der Flockungsanlage
mit Bettung entfernt werden.

12. Verfahren nach Anspruch 1, wobei das Abwasser Kalzium, Phosphate und Sulfate enthält und das Verfahren die
Überprüfung des pH-Wertes umfasst, um das Abwasser aufzubereiten, um die mögliche Bildung von Kalziumfluorid,
Kalziumphosphat oder Kalziumkarbonat und Kalziumsulfat zu senken.

13. Verfahren nach Anspruch 1, wobei die Anpassung des pH-Wertes des Abwasserstroms von dem ersten Umkehros-
mosesystem nach oben dazu führt, dass Fluoride und Kieselsäure in dem Abwasser die Form von Fluorid- und
Silikationen annehmen, die in dem zweiten Umkehrosmosesystem aus dem Abwasser entfernt werden.

14. Verfahren nach Anspruch 1, wobei das Abwasser ebenfalls Sulfate, Phosphate und Ammoniak enthält und wobei
der pH-Wert des Abwassers vor dem Einlass in das erste Umkehrosmosesystem überprüft wird, um die Bildung
von Bisulfaten, Phosphorsäure und Ammoniumionen zu begünstigen und wobei durch die Einstellung des pH-
Wertes des Abwasserstroms von dem ersten Umkehrosmosesystem nach oben das Abwasser so aufbereitet wird,
dass die Bildung von Phosphationen begünstigt wird und die Ionisierung einiger organischer Stoffe erhöht wird, die
zu der Entfernung von Phosphaten, organischen Stoffen und Ammoniak aus dem Abwasser beitragen.

15. Verfahren nach Anspruch 1, wobei das zufließende Abwasser einen pH-Wert von unter 3,5 aufweist.

16. Verfahren nach Anspruch 15, wobei die Anpassung des pH-Wertes des Abwassers nach oben erfolgt, nachdem
das Abwasser das erste Umkehrosmosesystem verlassen hat.

17. Verfahren nach Anspruch 15, wobei der pH-Wert des Abwasserstroms aus dem ersten Umkehrosmosesystem nach
oben auf etwa 6 oder mehr angepasst wird.

18. Verfahren nach Anspruch 1, wobei das Abwasser aus einem zufließenden Abwasserstrom stammt, der einen pH-
Wert von 3,5 oder weniger aufweist, und wobei das Abwasser eine oder mehrere Vorbehandlungen vor dem ersten
Umkehrosmosesystem erfährt, und wobei das Verfahren die Beibehaltung des pH-Wertes des Abwassers bei 3,5
oder niedriger umfasst, wenn das Abwasser eine oder mehrere Vorbehandlungen durchläuft und bevor das Abwasser
in das erste Umkehrosmosesystem gelangt.
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Revendications

1. Procédé d’élimination de fluorures d’eaux usées d’infiltration comprenant :

a. l’envoi des eaux usées vers un premier système d’osmose inverse et l’élimination de fluorures des eaux usées ;
b. avant que les eaux usées entrent dans le premier système d’osmose inverse, l’ajustement et le maintien du
pH des eaux usées à moins d’environ 3,5 ;
c. l’envoi des eaux usées du premier système d’osmose inverse à un second système d’osmose inverse et
élimination de fluorures des eaux usées ;
d. l’ajustement du pH des eaux usées à la hausse après que les eaux usées ont été soumises à un traitement
dans le premier système d’osmose inverse et avant un traitement dans le second système d’osmose inverse ;

caractérisé en ce que les eaux usées comprennent de la silice et en ce que le procédé comprend la formation
d’acide hydrofluorosilicique dans les eaux usées avant que les eaux usées soient envoyées à travers le premier
système d’osmose inverse, et l’élimination de fluorures et de silicates avec le premier système d’osmose inverse.

2. Procédé selon la revendication 1, dans lequel les eaux usées d’infiltration comprennent également du calcium, des
sulfates et des phosphates.

3. Procédé selon la revendication 1, comprenant la filtration des eaux usées avant que les eaux usées soient envoyées
vers le premier système d’osmose inverse.

4. Procédé selon la revendication 1, comprenant l’envoi des eaux usées à travers un système de floculation lesté au
microsable ou un autre type de processus de clarification avant que les eaux usées soient envoyées vers le premier
système d’osmose inverse.

5. Procédé selon la revendication 4, dans lequel le système de floculation lesté au microsable ou un autre type de
système de clarification produit un effluent clarifié et le procédé comprend la filtration de l’effluent clarifié du système
de floculation lesté au microsable ou d’un autre type de système de clarification et l’envoi de l’effluent filtré du
système de floculation lesté au premier système d’osmose inverse.

6. Procédé selon la revendication 1, comprenant l’ajustement du pH des eaux usées à la hausse à au moins environ
6 ou plus avant que les eaux usées soient envoyées à travers le second système d’osmose inverse.

7. Procédé selon la revendication 1, dans lequel les eaux usées comprennent en outre des phosphates, du calcium
et des sulfates.

8. Procédé selon la revendication 7, dans lequel le pH de l’effluent des eaux usées du premier système d’osmose
inverse est ajusté à la hausse afin de favoriser la formation de fluorures et d’ions silicate ou de convertir tout acide
faiblement ionisé en sa forme de sel.

9. Procédé selon la revendication 1, dans lequel les eaux usées comprennent en outre du calcium, de l’ammoniaque
et des phosphates ou des métaux.

10. Procédé selon la revendication 1, dans lequel les eaux usées comprennent des algues, et le procédé comprend le
mélange de chlore ou d’un sous-produit de chlore avec les eaux usées afin de tuer les algues, et le mélange de
bénonite avec les eaux usées afin d’absorber ou de déstabiliser les algues.

11. Procédé selon la revendication 1, comprenant la direction des eaux usées à travers un système de floculation lesté
au microsable ou un autre type de système de clarification avant que les eaux usées soient dirigées vers le premier
système d’osmose inverse, et dans lequel les eaux usées comprennent des algues et le procédé implique le mélange
de chlore ou d’un sous-produit de chlore avec les eaux usées afin de tuer les algues, et dans lequel les algues sont
éliminées dans le système de floculation lesté.

12. Procédé selon la revendication 1, dans lequel les eaux usées comprennent du calcium, des phosphates et des
sulfates, et le procédé comprend la régulation du pH de façon à conditionner les eaux usées afin de réduire le
potentiel de formation de fluorure de calcium, de phosphate de calcium ou de carbonate de calcium et de sulfate
de calcium.
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13. Procédé selon la revendication 1, dans lequel l’ajustement du pH de l’effluent des eaux usées du premier système
d’osmose inverse à la hausse amène les fluorures et la silice dans les eaux usées à prendre la forme d’ions fluorure
et silicate qui sont éliminés des eaux usées dans le second système d’osmose inverse.

14. Procédé selon la revendication 1, dans lequel les eaux usées comprennent également des sulfates, des phosphates
et de l’ammoniaque, et dans lequel, avant d’entrer dans le premier système d’osmose inverse, le pH des eaux usées
est régulé de façon à favoriser la formation de bisulfates, d’acide phosphorique et d’ions ammonium, et dans lequel
l’ajustement du pH de l’effluent des eaux usées du premier système d’osmose inverse à la hausse conditionne les
eaux usées de façon à favoriser la formation d’ions phosphate et augmente généralement l’ionisation de certains
composés organiques, ce qui contribue à l’élimination de phosphates, de composés organiques et d’ammoniaque
des eaux usées.

15. Procédé selon la revendication 1, dans lequel les eaux usées d’infiltration ont un pH de moins de 3,5.

16. Procédé selon la revendication 15, dans lequel l’ajustement à la hausse du pH des eaux usées a lieu après que les
eaux usées sortent du premier système d’osmose inverse.

17. Procédé selon la revendication 15, dans lequel le pH de l’effluent des eaux usées du premier système d’osmose
inverse est ajusté à la hausse à environ 6 ou plus.

18. Procédé selon la revendication 1, dans lequel les eaux usées proviennent d’un courant d’eaux usées d’infiltration
ayant un pH de 3,5 ou moins, et dans lequel les eaux usées sont soumises à un ou plusieurs prétraitements en
amont du premier système d’osmose inverse, et dans lequel le procédé comprend le maintien du pH des eaux
usées à 3,5 ou moins lorsque les eaux usées passent à travers les un ou plusieurs prétraitements et avant que les
eaux usées entrent dans le premier système d’osmose inverse.
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