
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
17 July 2008 (17.07.2008) PCT WO 2008/086009 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B03D 1/00 (2006.01) C02F 1/24 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY,BZ, CA,
(21) International Application Number: CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

PCT/US2008/000322 EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,

(22) International Filing Date: 9 January 2008 (09.01.2008) LK, LR, LS, LT, LU, LY,MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,

(25) Filing Language: English PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,

(26) Publication Language: English ZA, ZM, ZW

(30) Priority Data:
60/879,429 9 January 2007 (09.01.2007) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): CAM¬ GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

BRIDGE WATER TECHNOLOGY, INC.; 810 Memo ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

rial Drive, 3rd Floor, Cambridge, MA 02139 (US). European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL,

(72) Inventors; and NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

(75) Inventors/Applicants (for US only): WECHSLER, Ionel CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[US/US]; 10 Royce Road, Framingham, MA 01701 (US).
MARSTON, Peter, G. [US/US]; 7 Leslie Road, Ipswich, Published:
MA 01938 (US). — with international search report

— before the expiration of the time limit for amending the
(74) Agents: COLEMAN, Roy, J. et al.; Iandiorio, Teska And claims and to be republished in the event of receipt of

Coleman, 260 Bear Hill Road, Waltham, MA 02451 (US). amendments

(54) Title: A SYSTEM AND METHOD FOR REMOVING DISSOLVED CONTAMINANTS, PARTICULATE CONTAMI
NANTS, AND OIL CONTAMINANTS FROM INDUSTRIAL WASTE WATER

"Separation" may include - ctaπtler
- rapid s ttlβr
- magnetic filtration
- magnetic ballast recycling

(57) Abstract: A system for removing dissolved contaminants, particulate contaminants, and oil contaminants from industrial waste
water, the system including a gas floatation and primary oil contaminant removal subsystem including a tank for receiving a flow of
the industrial waste water and a flow of gaseous microspheres, wherein the gaseous microspheres combine with oil droplets in the
waste water to form floes which float to the surface and are removed to provide processed waste water with the majority of the oil
contaminants removed, and a contaminant removal subsystem for removing dissolved contaminants, particulate contaminants, and
any remaining oil contaminants from the processed waste water.



A SYSTEM AKD METHOD FOR REMOVING DISSOLVED
CONTAMINANTS, PARTICULATE CONTAMINANTS, AND OIL

CONTAMINANTS FROM INDUSTRIAL WASTE WATER

RELATED APPLICATIONS

This application claims benefit of and priority to provisional patent application

Serial No. 60/879,429, filed January 9, 2007, incorporated by reference herein.

FIELD OF THE INVENTION

This invention relates to a system and method for removing dissolved

contaminants, particulate contaminants and oil contaminants from industrial waste

water.

BACKGROUND OF THE INVENTION

The oil industry produces large amounts of waste water during exploration and

production of petroleum. It has been estimated that approximately 800 gallons of

water are used for the production of a barrel of oil of which approximately 80% is

used for cooling in the refinery process. Oil wastes are classified depending on their

origin, e.g., from oil production or from oil refining. Waste water from oil production

is generally a mixture of drilling muds, salt water, free and emulsified oil and natural

gas. Waste water from oil refineries includes, inter alia, free and emulsified oils from

leaks, spills, and other sources. The combined refinery wastes or spills may contain

crude oil and various fractions thereof, dissolved or suspended mineral and organic

compounds discharged in liquors and sludges in various stages of processing.

Cleaning of industrial waste water from oil production and oil refining is

important for both environmental and industry purposes. There are many



conventional processes for cleaning oil industrial waste water which include, for

example, gravity separation, floatation, filtration, chemical treatments, electro¬

chemical treatments, biochemical treatments, and the like. These systems are

typically large, inefficient, and expensive to operate. The only known process which

can achieve a final effluent with less than 5 p.p.m. oil contaminants is membrane

filtration. However, membrane filtration is expensive and difficult to operate because

the membranes quickly foul.

BRIEF SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide a system and method for

removing dissolved contaminants, particulate contaminants, and oil contaminants

from industrial waste water.

It is a further object of this invention to provide such a system and method

which removes dissolved contaminants, particulate contaminants, and oil

contaminants from industrial waste water generated by oil production and oil refining

processes.

It is a further object of this invention to provide such a system and method

which removes dissolved contaminants, particulate contaminants, and oil

contaminants from industrial waste water to an acceptable level required by the

Environmental Protection Agency (EPA).

It is a further object of this invention to provide such a system and method

which produces a final effluent which can be reused by oil production and oil refining

processes.

It is a further object of this invention to provide such a system and method

which provides a final effluent with less than 5 p.p.m. of oil contaminants.



It is a further object of this invention to provide such a system and method

which provides a final effluent with less than 5 p.p.m. of particulate contaminants.

It is a further object of this invention to provide such a system and method

which utilizes less space.

It is a further object of this invention to provide such a system and method

which eliminates the problems associated with using membranes.

It is a further object of this invention to provide such a system and method

which reduces costs.

It is a further object of this invention to provide such a system and method

which recycles weighting agents.

It is a further object of this invention to provide such a system and method

which is more effective.

The subject invention, however, in other embodiments, need not achieve all

these objectives and the claims hereof should not be limited to structures or methods

capable of achieving these objectives.

This invention features a system for removing dissolved contaminants,

particulate contaminants, and oil contaminants from industrial waste water, the system

including a gas floatation and primary oil contaminant removal subsystem including a

tank for receiving a flow of the industrial waste water and a flow of gaseous

microspheres, wherein the gaseous microspheres combine with oil droplets in the

waste water to form floes which float to the surface and are removed to provide

processed waste water with the majority of the oil contaminants removed, and a

contaminant removal subsystem for removing dissolved contaminants, particulate

contaminants, and any remaining oil contaminants from the processed waste water.

In a preferred embodiment, the gas floatation and primary oil contaminant



removal subsystem may further include a floe removal subsystem for removing the

floes from the surface of the waste water. The subsystem may include a skimmer.

The system may include a cooling subsystem for reducing the temperature of the

waste water to an appropriate temperature for use with a desired flocculant. The

system may further include a buffer tank for regulating the flow of waste water and

removing coarse particulates in the waste water. The contaminant removal subsystem

may include a coagulation mixing tank for receiving the processed waste water and

introducing and mixing a coagulant with the processed waste water to precipitate the

dissolved contaminants and form floes of the precipitated dissolved contaminants and

of the particulate contaminants. The system may further include a weighting agent

mixing tank for receiving the processed waste water from the coagulation mixing tank

and introducing and mixing a weighting agent with the processed waste water. The

system may further include a flocculation subsystem for receiving the processed

waste water from the weighting agent mixing tank and introducing and mixing a

flocculant to form large floes of the weighting agent and the microflocs of the

particulate contaminants and/or large floes of the weighting agent and the precipitated

dissolved contaminants and/or large floes of the weighting agent and any remaining

oil particulates and/or large floes of the weighting agent and any other particulates

present in the waste water. The system may further include a separation subsystem for

separating the large floes from the processed waste water to form a clear effluent. The

system may further include an oxidation subsystem for introducing an oxidation agent

to the processed waste water for changing the electrical charges on one or more of the

particulate contaminants and/or the oil contaminants. Oxidation agent may include

hydrogen peroxide. The weighting agent may include magnetite. The weighting

agent may include coal fines. The separation subsystem may include a clarifier. The



separation subsystem may include a rapid settler. The separation subsystem may

include hydrocyclone. The system may further include a weighting agent recovery

subsystem for recovering the weighting agent. The weighting agent recovery system

may include a high shear mixer subsystem. The weighting agent recovery subsystem

may include a high gradient magnetic filter for removing fine magnetized weighting

agents from the clear effluent. The weighting agent recovery subsystem may include

a wet drum magnetic separator. The system may further include a recycling subsystem

for recycling the weighting agent to the weighting agent mixing tank. The system may

further include a re-circulation system for re-circulating sludge formed from large floes

of the weighting agent and the microflocs of the particulate contaminants and/or large

floes of the weighting agent and the precipitated dissolved contaminants and/or large

floes of the weighting agent and any remaining oil particulates and/or large floes of the

weighting agent and any other particulates present in the waste water. The flocculation

subsystem may include a static mixer and/or a mixing tank. The oxidation subsystem

may include a static mixer. The separation subsystem may include a skimmer

disposed inside the clarifier for coalescing the oil contained in the processed waste

water and driving the coalesced oil particulates to the surface of the clarifier. The

clear effluent may have less than about 5 p.p.m. of oil contaminants, dissolved

contaminants, and particulate contaminants.

The invention may also feature a system for removing dissolved contaminants,

particulate contaminants, and oil contaminants from industrial waste water, the system

including a gas floatation and primary oil contaminate removal subsystem including a

tank for receiving a flow of the industrial waste water and a flow of gaseous

microspheres, wherein the gaseous microspheres combine with oil droplets in the

waste water to form floes which float to the surface and are removed to provide



processed waste water with the majority of the oil contaminants removed, a cooling

subsystem for reducing the temperature of the waste water to an appropriate

temperature for use with a desired flocculant, and a contaminant removal subsystem

for receiving the waste water from the gas floatation subsystem for removing

dissolved contaminants, particulate contaminants, and any remaining oil contaminants

from the processed waste water.

The invention further features a system for removing dissolved contaminants,

particulate contaminants, and oil contaminants from industrial waste water, the system

incuding a gas floatation and primary oil removal subsystem including a tank for

receiving a flow of industrial waste water and a flow of gaseous microspheres, wherein

the gaseous microspheres combine with oil droplets in the waste water to form floes

which float to the surface and are removed to provide processed waste water with the

majority of the oil contaminants removed, a buffer tank for regulating the flow of oily

waste water and removing coarse particulates in the waste water, and a contaminant

removal subsystem for receiving the waste water from the gas floatation subsystem

for removing dissolved contaminants, particulate contaminants, and any remaining oil

contaminants from the processed waste water.

The invention further features a system for removing dissolved contaminants,

particulate contaminants, and oil contaminants from industrial waste water, the system

including a gas floatation and primary oil removal subsystem including a tank for

receiving a flow of the industrial waste water and a flow of gaseous microspheres,

wherein the gaseous microspheres combine with oil droplets in the waste water to form

floes which float to the surface and are removed to provide processed waste water with

the majority of the oil contaminants removed, a cooling subsystem for reducing the

temperature of the waste water to an appropriate temperature for use with a desired



flocculant, a buffer tank for regulating the flow of waste water and removing coarse

particulates in the oily waste water, and a contaminant removal subsystem for

receiving the waste water from the gas floatation subsystem for removing dissolved

contaminants, particulate contaminants, and any remaining oil contaminants from the

processed waste water.

This invention further features a system for removing dissolved contaminants,

particulate contaminants, and oil contaminants from industrial waste water, the system

including a gas floatation and primary oil removal subsystem including a tank for

receiving a flow of the industrial waste water and a flow of gaseous microspheres,

wherein the gaseous microspheres combine with oil droplets in the waste water to form

floes which float to the surface and are removed to provide processed waste water with

the majority of the oil contaminants removed, a cooling tank for reducing the

temperature of the waste water to an appropriate temperature for use with a desired

flocculant, a buffer tank for regulating the flow of waste water and removing coarse

particulates in the oily waste water, and a contaminant removal subsystem for

removing dissolved contaminants, particulate contaminants, and any remaining oil

contaminants from the processed waste water. The contaminant removal subsystem

includes a coagulation mixing tank for receiving the processed waste water and

introducing and mixing a coagulant with the waste water to form microflocs of the

paniculate contaminants and to precipitate the dissolved contaminants. A weighting

agent mixing tank receives the processed waste water from the coagulation mixing tank

and introduces and mixing a weighting agent with the processed waste water, a

flocculation mixing tank receives the processed waste water from the weighting agent

mixing tank and introduces and mixes a flocculant to form large floes of the weighting



agent and the microflocs of the particulate contaminants and/or large floes of the

weighting agent and the precipitated dissolved contaminants and/or large floes of the

weighting agent and remaining oil particulates and/or large floes of the weighting agent

and any other particulates present in the waste water. A separation subsystem

separates the large floes from the processed waste water to form a clear effluent.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Other objects, features and advantages will occur to those skilled in the art

from the following description of a preferred embodiment and the accompanying

drawings, in which:

Fig. 1 is a schematic block diagram of one embodiment of the system for

removing dissolved contaminants, particulate contaminants, and oil contaminants

from industrial waste water of this invention;

Fig. 2 is a schematic block diagram of the system shown in Fig. 1

incorporating a cooling subsystem in accordance with one embodiment of this

invention;

Fig. 3 is a schematic block diagram of another embodiment of the system

shown in Fig. 2 utilizing coal fines as a weighting agent in accordance with this

invention;

Fig. 4 is a schematic block diagram of another embodiment of the system

shown in Figs. 1-3 incorporating a buffer subsystem and also showing the primary

components of one embodiment of the contaminant removal subsystem;

Fig. 5 is a schematic block diagram of yet another embodiment of the system

for removing dissolved contaminants, particulate contaminants, and oil contaminants

from industrial waste water of this invention; and



Fig. 6 is a schematic side view of one embodiment of a clarifier and oil

skimmer that may be employed with the system shown in Figs. 1-5.

DETAILED DESCRIPTION OF THE INVENTION

Aside from the preferred embodiment or embodiments disclosed below, this

invention is capable of other embodiments and of being practiced or being carried out

in various ways. Thus, it is to be understood that the invention is not limited in its

application to the details of construction and the arrangements of components set forth

in the following description or illustrated in the drawings. If only one embodiment is

described herein, the claims hereof are not to be limited to that embodiment.

Moreover, the claims hereof are not to be read restrictively unless there is clear and

convincing evidence manifesting a certain exclusion, restriction, or disclaimer.

As discussed in the Background section above, conventional processes for

cleaning oil industry waste water, such as gravity separation, floatation, filtration,

chemical treatments, electrochemical treatments, biochemical treatments, and the like,

are inefficient, large, expensive to operate, and typically incapable of producing a

final effluent with less than 5 p.p.m. of oil and/or particulate contaminants. Although

membrane filtration systems can produce a final effluent with less than 5 p.p.m. of oil

contaminants, these systems are expensive and difficult to operate because the

membrane filter quickly fouls.

In contrast, system 10, Fig. 1, for removing dissolved contaminants,

particulate contaminants, and oil contaminants from industrial waste water of this

invention includes gas floatation and primary oil contaminant removal subsystem 12

which receives flow of industrial waste water 14, e.g., from oil production processes,

oil refining processes, and the like. Subsystem 12, e.g., a dissolved air floatation



(DAF) subsystem, receives flow of gaseous microspheres 16, e.g., from an air source

with a bubble flow distribution subsystem. The flow of gaseous microspheres 16

combines with oil droplets in flow of industrial wastewater 14 in subsystem 12.

When oil is in an emulsified state, it exists as a colloidal suspension. When oil

is in a free state, it is present as micro-droplets. The micro-droplets, when suspended

in waste water, possess negative charge surfaces which creates repulsive forces

between the droplets. The gaseous microspheres from flow of gaseous microspheres

16 are positively charged and are attracted to the oil droplets. The interaction of

gaseous microspheres 16 with the oil droplets in industrial waste water 14 forms floes.

The floes of the oil micro-droplets and the gaseous microspheres float to the surface

of the waste water and are removed as recovered oil 18, e.g., with a skimmer or

similar type device. This removes the majority of oil contaminants from the industrial

waste water and is output as processed waste water by line 22.

Contaminant removal subsystem 20 receives the processed waste water from

subsystem 12 by line 22 and removes dissolved contaminants, particulate

contaminants, and any remaining oil contaminants from the processed waste water by

line 22 to provide a final clear effluent by line 50 which preferably has a

concentration of oil contaminants, particulate contaminants, and dissolved

contaminants which are less than about 5 p.p.m. each, as discussed in detail below.

In one embodiment, contaminant removal subsystem 20 includes coagulation

mixing tank 24 with mixer 26 which receives the processed waste water from

subsystem 12, by line 22 and introduces coagulant 28, e.g., aluminum, FeCl , PAC

(polyaluminum chloride), and the like, to tank 24. Mixer 26 mixes the coagulant and

the processed waste water to precipitate the dissolved contaminants in the waste water

and form microflocs of precipitated dissolved contaminants and particulates.



Contaminant removal subsystem 20 also preferably includes weighting agent

mixing tank 30 with mixer 32 which receives the processed waste water from

coagulation mixing tank 24 by line 34 and introduces weighting agent or magnetic

ballast 34, e.g., magnetite or similar type weighting agents known to those skilled in

the art. Mixer 32 mixes the weighting agent 34 with the processed waste water in

tank 30. As known by those skilled in the art, the weighting agent provides for rapid

settling of floes, as discussed below.

Subsystem 20 preferably includes flocculation mixing tank 36 which receives

the processed waste water from weighting agent mixing tank 30 by line 40 and

introduces flocculant 42. Mixer 38 mixes flocculant 42 with the processed waste

water in tank 36 to form large floes of the weighting agent and the microflocs of the

particulate contaminants and/or large floes of the weighting agent and the precipitated

dissolved contaminants and/or large floes of the weighting agent and any remaining

oil particulates and/or large floes of any other particulates present in the processed

waste water received by line 40. The flocculant, e.g., a polymer, has an electrical

charge (anionic or cationic) which attracts the weighting agent, the microflocs of the

particulate contaminants, the precipitated dissolved contaminants, any remaining oil

particulates, and any other particulates present in the waste water to form the large

floes which are separated using separation subsystem 44. The weighting agent

provides for rapid settling of the floes separation subsystem 44.

Separation subsystem 44 separates the large floes of the weighting agent and

the microflocs of the particulate, large floes of the weighting agent and the

precipitated dissolved contaminants and/or large floes of the weighting agent and any

remaining oil particulates and/or large floes of any other particulates present in the

processed waste water to provide a clear effluent on line 50, e.g., a final effluent



having less than 5 p.p.m. each of oil contaminants, and particulate contaminants. As

known to those skilled in the art, separation subsystem 44 may include a clarifier, a

rapid settler, or a hydrocyclone.

In one design, system 10 may include recycling and re-circulating subsystem

46 which recovers and recycles weighting agent or magnetic ballast 34 from the

processed waste water in separation subsystem 40 by line 48 and also re-circulates the

sludge of the large floes of the weighting agent and contaminants by line 48

(discussed below).

In one embodiment, system 10 includes an oxidation subsystem 29 for

introducing an oxidation agent, e.g., hydrogen peroxide or similar oxidation agent

known to those skilled in the art, to the processed water in coagulation mixing tank 24

in order to change the electrical charges of one or more of the particulate

contaminants and/or the oil contaminants in the waste water and to improve the

formation of floes. Additional examples of contaminant removal subsystem 20 are

disclosed in U.S. Patent No. 6,099,738 by the inventors hereof, incorporated by

reference herein.

The result is system 10 for removing dissolved contaminants, particulate

contaminants, and oil contaminants from industrial waste water of this invention

effectively and efficiently removes dissolved contaminants, particulate contaminants,

and oil contaminants from industrial waste water e.g., generated from oil production

and/or oil refining processes. System 10 provides a final clean effluent, preferably

having a level of oil contaminants and particulate contaminants less than about 5

p.p.m. each. Such a level is an acceptable level required by the EPA and can be

reused by oil production and/or oil refining processes. Moreover, system 10 does not

require the use of any membranes or filters, thus the problems associated therewith



are eliminated. System 10 is less expensive and utilizes less space than conventional

industrial waste water cleaning systems. The ability to recycle the weight agents

further decreases processing costs.

In one embodiment, system 10', Fig. 2, where like parts have been given like

numbers, includes cooling subsystem 52. Cooling subsystem 52 reduces the

temperature of the waste water received from gas floatation and primary oil

contaminant removal subsystem 12 by line 22 to an appropriate temperature on line

23, e.g., about 50° C, for use with a desired flocculant, e.g., a polymer such as Cytec

A-130 or similar flocculant type known by those skilled in the art.

In one design, weighting agent 34', Fig. 3, where like parts have been given

like numbers, may be coal fines. Using coal fines as the weighting agent generates a

final sludge which can be filtered, dried, and used as a combustible.

In another design, system 10'", Fig. 4, where like parts have been given like

numbers, includes gas floatation and primary oil contaminant subsystem 12 which

receives flow of industrial waste water 14 and operates similar as discussed above

with reference to Fig. 1. System 10' also preferably includes buffer tank 56 which

regulates the flow of waste water, e.g., from cooling subsystem 52 by line 23 and

removes coarse particulates from the waste water. Although, as shown in Fig. 4

buffer tank 56 is located between cooling subsystem 52 and contaminant removal

subsystem 20, this is not a necessary limitation of this invention, as buffer tank 56

may be located at any desired location in system 10.

In one design, contaminant removal subsystem 20' receives the cooled and

regulated waste water from cooling subsystem 52 and buffer tank 56 by line 57.

Static mixers 60 introduce and mix the coagulant via coagulant feed Rl -82 by line 83

and/or the oxidation agent via oxidation feed R2-84 by line 85. The coagulant and/or



oxidation agent interacts with plates 62 of static mixers 60 to effectively mix of the

coagulant and/or the oxidizing agent with the processed waste water in line 57. The

statically mixed coagulant and/or oxidizing agent with the processed waste water

from subsystem 12 are fed into mixing tanks T-I and T-2 by line 89. Tanks T-I to T-

2, e.g., weighting agent tank 30 with mixer 32 and flocculant mixing tank 36 with

mixer 38 introduce and mix the waste water from static mixers 60 with weighting

agents and flocculant to form large floes of the weighting agent and the microflocs of

particulate contaminants and/or large floes of the weighting agent and the precipitated

dissolved contaminants and/or large floes of the weighting agent and any remaining

oil particulates and/or large floes of any other particulates present in the waste

processed, similar as discussed above with reference to Fig. 1. Separation subsystem

44' includes clarifier 70 which removes the large floes of the weighting agent and the

microflocs of particulate contaminants, and/or the large floes of the weighting agent

and precipitated dissolved contaminants and/or large floes weighting agent and any

remaining oil particulates to provide a clear effluent on line 50', e.g., by rapid settling,

as known by those skilled in the art.

In one design, contaminant removal subsystem 20' includes weighting agent

recovery subsystem 46' for removing fine magnetized weighting agents from the clear

effluent on line 50'. In one example, magnetic filter subsystem 72 and/or high shear

subsystem 74 and/or magnetic wet drum separator 76 is used to remove and recover

the weighting agent from the clear effluent in line 50'. Weighting agent recovery

subsystem 70 recovers the weighting agent which is then recycled back to weighting

agent mixing tanks, e.g., any of tank T-I to T-2, by line 78. See, e.g., U.S. Patent No.

6,099,738 cited supra.

Although, as discussed above with reference to Figs. 1-4 above, gas floatation



and primary oil contaminant removal subsystem 12 is located before contaminant

removal subsystem 20, this is not a necessary limitation of this invention. In another

embodiment, system 10 lv, Fig. 5, where like parts have been given like numbers, for

removing dissolved contaminants, particulate contaminants, and oil contaminants

from industrial waste water of this invention, may include gas floatation and primary

oil contaminants removal subsystem 12 located after contaminant removal subsystem

20". In this embodiment, contaminant removal subsystem 20" receives flow of

industrial waste water 14 by line 120. Subsystem 20' includes tanks 100 which

receive coagulants 102 by line 103, weighting agents or magnetic ballast 104 by line

105 and a flocculant 106 by line 107. Mixing tanks 100 operate similar to coagulation

mixing tank 24 with mixer 24, weighting agent mixing tank 30 with mixer 32, and

flocculation mixing tank 36 with mixer 38, as described above with reference to Fig.

1. The output of mixing tanks 100 by line 103 is large floes of the weighting agent

and oil contaminants, large floes of the weighting agent, and the microfloes of the

particulate contaminants, and/or large floes of the weighting agent and the

precipitated dissolved contaminants, and/or large floes of any other particulates

present in the waste water. Clarifier 82 preferably removes the large floes by rapid

sedimentation. Clarifier 82, Fig. 6, may also include skimmer 170, disposed inside

clarifier 82, which coalesces the oil contained in the processed waste water, e.g., as

shown at 172, and drives the coalesced oil particulates to the surface of the clarifier

for removal as shown by arrow 174. Clarifier 82 with skimmer 170 may be utilized in

any of the embodiments of system 10 discussed above with reference to Figs. 1-4.

Gas floatation and primary oil contaminant removal subsystem 12', Fig. 5, of similar

design as gas floatation and primary oil contaminant removal subsystem discussed

above with reference to Fig. 1, receives the clear effluent output by clarifier on line



123 and introduces gaseous microspheres which combine with any remaining oil

droplets in the waste water to form floes which float to the surface and are removed as

recovered oil 18. The final clear effluent is output by line 50". Sludge 130 output by

clarifier 82 by line 132 can the be re-circulated by line 110 to tanks 100 and/or

processed by magnetic separator 114 which recycles the weighting agents by line 112

to mixing tanks 100. The final sludge 140 can be sent to filtration pond and

incineration when the weighting agent is coal fines, indicated at 144. System 10 lv

may also be combined with system 10, Figs. 1-4, such that gas floatation and primary

oil contaminant subsystem 12, 12', is located at before and after contaminant removal

subsystem 20, 21'. Such a design is useful for applications requiring more complete

removal of oil contaminants.

Although specific features of the invention are shown in some drawings and

not in others, this is for convenience only as each feature may be combined with any

or all of the other features in accordance with the invention. The words "including",

"comprising", "having", and "with" as used herein are to be interpreted broadly and

comprehensively and are not limited to any physical interconnection. Moreover, any

embodiments disclosed in the subject application are not to be taken as the only

possible embodiments. Other embodiments will occur to those skilled in the art and

are within the following claims.

In addition, any amendment presented during the prosecution of the patent

application for this patent is not a disclaimer of any claim element presented in the

application as filed: those skilled in the art cannot reasonably be expected to draft a

claim that would literally encompass all possible equivalents, many equivalents will

be unforeseeable at the time of the amendment and are beyond a fair interpretation of

what is to be surrendered (if anything), the rationale underlying the amendment may



bear no more than a tangential relation to many equivalents, and/or there are many

other reasons the applicant can not be expected to describe certain insubstantial

substitutes for any claim element amended.

What is claimed is:



CLAIMS

1. A system for removing dissolved contaminants, particulate

contaminants, and oil contaminants from industrial waste water the system

comprising:

a gas floatation and primary oil contaminant removal subsystem

including a tank for receiving a flow of the industrial waste water and a flow of

gaseous microspheres, wherein the gaseous microspheres combine with oil droplets in

the waste water to form floes which float to the surface and are removed to provide

processed waste water with the majority of the oil contaminants removed; and

a contaminant removal subsystem for removing dissolved

contaminants, particulate contaminants, and any remaining oil contaminants from the

processed waste water.

2. The system of claim 1 in which the gas floatation and primary oil

contaminant removal subsystem further includes a floe removal subsystem for

removing the floes from the surface of the waste water.

3. The system of claim 2 in which the floe removal subsystem includes a

skimmer.

4. The system of claim 1 further including a cooling subsystem for

reducing the temperature of the waste water to an appropriate temperature for use

with a desired flocculant.



5. The system of claim 1 further including a buffer tank for regulating the

flow of waste water and removing coarse particulates in the waste water.

6. The system of claim 1 in which the contaminant removal subsystem

includes a coagulation mixing tank for receiving the processed waste water and

introducing and mixing a coagulant with the processed waste water to precipitate and

form floes of the precipitated the dissolved contaminants and of the particulate

contaminants.

7. The system of claim 6 further including a weighting agent mixing tank

for receiving the processed waste water from the coagulation mixing tank and

introducing and mixing a weighting agent with the processed waste water.

8. The system of claim 7 further including a flocculation subsystem for

receiving the processed waste water from the weighting agent mixing tank and

introducing and mixing a flocculant to form large floes of the weighting agent and the

microflocs of the particulate contaminants and/or large floes of the weighting agent

and the precipitated dissolved contaminants and/or large floes of the weighting agent

and any remaining oil particulates and/or large floes of the weighting agent and any

other particulates present in the waste water.

9. The system of claim 8 further including a separation subsystem for

separating the large floes from the processed waste water to form a clear effluent.

10. The system of claim 6 in further including an oxidation subsystem for



introducing an oxidation agent to the processed waste water for changing the

electrical charges on one or more of the particulate contaminants and/or the oil

contaminants.

11. The system of claim 10 in which said oxidation agent includes

hydrogen peroxide.

12. The system of claim 7 in which the weighting agent includes

magnetite.

13. The system of claim 7 weighting agent includes coal fines.

14. The system of claim 9 in which said separation subsystem includes a

clarifier.

15. The system of claim 9 in which said separation subsystem includes a

rapid settler.

16. The system of claim 9 in which separation subsystem includes

hydrocyclone.

17. The system of claim 9 further including a weighting agent recovery

subsystem for recovering the weighting agent.

18. The system of claim 17 in which the weighting agent recovery system



includes a high shear mixer subsystem.

19. The system of claim 17 in which said weighting agent recovery

subsystem includes a high gradient magnetic filter for removing fine magnetized

weighting agents from the clear effluent.

20. The system of claim 17 in which the weighting agent recovery

subsystem includes a wet drum magnetic separator.

21. The system of claim 17 further including a recycling subsystem for

recycling the weighting agent to the weighting agent mixing tank.

22. The system of claim 9 further including a re-circulation system for re-

circulating sludge formed from large floes of the weighting agent and the microflocs of

the particulate contaminants and/or large floes of the weighting agent and the

precipitated dissolved contaminants and/or large floes of the weighting agent and any

remaining oil particulates and/or large floes of the weighting agent and any other

particulates present in the waste water.

23. The system of claim 8 in which the flocculation subsystem includes a

static mixer and/or a mixing tank.

24. The system of claim 10 in which the oxidation subsystem includes a

static mixer.



25. The system of claim 9 in which the separation subsystem includes a

skimmer disposed inside a clarifier for coalescing the oil contained in the processed

waste water and driving the coalesced oil particulates to the surface of the clarifier.

26. The system 9 in which the clear effluent has less than about 5 p.p.m.

each of oil contaminants and/or particulate contaminants.

27. A system for removing dissolved contaminants, particulate

contaminants, and oil contaminants from industrial waste water the system

comprising:

a gas floatation and primary oil contaminate removal subsystem

including a tank for receiving a flow of the industrial waste water and a flow of

gaseous microspheres, wherein the gaseous microspheres combine with oil droplets in

the waste water to form floes which float to the surface and are removed to provide

processed waste water with the majority of the oil contaminants removed;

a cooling subsystem for reducing the temperature of the waste water to

an appropriate temperature for use with a desired flocculant; and

a contaminant removal subsystem for receiving the waste water from

the gas floatation subsystem for removing dissolved contaminants, particulate

contaminants, and any remaining oil contaminants from the processed waste water.

28. A system for removing dissolved contaminants, particulate

contaminants, and oil contaminants from industrial waste water the system

comprising:

a gas floatation and primary oil removal subsystem including a tank for



receiving a flow of industrial waste water and a flow of gaseous microspheres,

wherein the gaseous microspheres combine with oil droplets in the waste water to

form floes which float to the surface and are removed to provide processed waste

water with the majority of the oil contaminants removed;

a buffer tank for regulating the flow of oily waste water and removing

coarse particulates in the waste water; and

a contaminant removal subsystem for receiving the waste water from

the gas floatation subsystem for removing dissolved contaminants, particulate

contaminants, and any remaining oil contaminants from the processed waste water.

29. A system for removing dissolved contaminants, particulate

contaminants, and oil contaminants from industrial waste water the system comprising:

a gas floatation and primary oil removal subsystem including a tank for

receiving a flow of the industrial waste water and a flow of gaseous microspheres,

wherein the gaseous microspheres combine with oil droplets in the waste water to

form floes which float to the surface and are removed to provide processed waste

water with the majority of the oil contaminants removed;

a cooling subsystem for reducing the temperature of the waste water to

an appropriate temperature for use with a desired flocculant;

a buffer tank for regulating the flow of waste water and removing

coarse particulates in the oily waste water; and

a contaminant removal subsystem for receiving the waste water from

the gas floatation subsystem for removing dissolved contaminants, particulate

contaminants, and any remaining oil contaminants from the processed waste water.



30. A system for removing dissolved contaminants, particulate

contaminants, and oil contaminants from industrial waste water the system

comprising:

a gas floatation and primary oil removal subsystem including a tank for

receiving a flow of the industrial waste water and a flow of gaseous microspheres,

wherein the gaseous microspheres combine with oil droplets in the waste water to

form floes which float to the surface and are removed to provide processed waste

water with the majority of the oil contaminants removed;

a cooling tank for reducing the temperature of the waste water to an

appropriate temperature for use with a desired flocculant;

a buffer tank for regulating the flow of waste water and removing

coarse particulates in the oily waste water; and

a contaminant removal subsystem for removing dissolved

contaminants, particulate contaminants, and any remaining oil contaminants from the

processed waste water, the contaminant removal subsystem including:

a coagulation mixing tank for receiving the processed waste

water and introducing and mixing a coagulant with the waste water to form

microflocs of the particulate contaminants and to precipitate the dissolved

contaminants,

a weighting agent mixing tank for receiving the processed

waste water from the coagulation mixing tank and introducing and mixing a

weighting agent with the processed waste water,

a flocculation mixing tank for receiving the processed waste

water from the weighting agent mixing tank and introducing and mixing a flocculant



to form large floes of the weighting agent and the microfloes of the particulate

contaminants and/or large floes of the weighting agent and the precipitated dissolved

contaminants and/or large floes of the weighting agent and remaining oil particulates

and/or large floes of the weighting agent and any other particulates present in the

waste water, and

a separation subsystem for separating the large floes from the

processed waste water to form a clear effluent.
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