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How can I separate various How can I separate various 
pollutants costpollutants cost--effectively  ?effectively  ?
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Solution :  Flotation Solution :  Flotation 
Separation Technologies Separation Technologies 
 Plain Gravity Flotation (Oil/Wax)Plain Gravity Flotation (Oil/Wax)
 Dissolved Air (Gas) Flotation (Laminar Dissolved Air (Gas) Flotation (Laminar 

Flow; Fine Bubbles; ) Flow; Fine Bubbles; ) 
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 Dispersed (Induced) Air Flotation Dispersed (Induced) Air Flotation 
(Turbulent Flow; Coarse Bubbles)(Turbulent Flow; Coarse Bubbles)

 Vacuum Flotation Vacuum Flotation 
 Electroflotation (H2, O2, Cl2 Bubbles)Electroflotation (H2, O2, Cl2 Bubbles)
 Biological Flotation (N2, CO2 Bubbles)Biological Flotation (N2, CO2 Bubbles)



How does waterHow does water--solids solids 
separation actually work?separation actually work?
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Solution: Chemical Addition, Mixing, Solution: Chemical Addition, Mixing, 
Precipitation & CoagulationPrecipitation & Coagulation
 Chemical Addition & MixingChemical Addition & Mixing
 Chemical PrecipitationChemical Precipitation

-- Solute A + Solute B = insoluble flocsSolute A + Solute B = insoluble flocs
Chemical Coagulation:Chemical Coagulation:
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 Chemical Coagulation:Chemical Coagulation:
–– Formation of chemical flocs that adsorb, entrap, or bring Formation of chemical flocs that adsorb, entrap, or bring 

suspended matter together suspended matter together 
(Soluble Al (Soluble Al  aluminum hydroxide flocs)aluminum hydroxide flocs)

–– Opposite charge neutralization; particles are destabilized Opposite charge neutralization; particles are destabilized 
and form visible pin flocsand form visible pin flocs

–– Collector adjustment (hydrophobic nature)Collector adjustment (hydrophobic nature)



FlocculationFlocculation
 Flocculation:Flocculation:

–– Enlargement of pinfloc to speed Enlargement of pinfloc to speed 
separationseparation
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separationseparation
–– Occurs via addition of long chain polymerOccurs via addition of long chain polymer
–– Polymer actually grabs onto several Polymer actually grabs onto several 

pinflocs and pulls material togetherpinflocs and pulls material together



Why can flotation separation rate Why can flotation separation rate 
be so high?  How does it work?be so high?  How does it work?

 Chemical addition, mixing, chemical Chemical addition, mixing, chemical precipitation and coagulationprecipitation and coagulation
 Flocculation Flocculation –– Formation of stable flocsFormation of stable flocs

Flotation Clarification:Flotation Clarification:
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 Flotation Clarification:Flotation Clarification:
–– Generation of gas bubbles (air, nitrogen, carbon Generation of gas bubbles (air, nitrogen, carbon dioxide, ozone, oxygen, hydrogen, chlorine)dioxide, ozone, oxygen, hydrogen, chlorine)
–– Flotation (bubble) separation  of insoluble Flotation (bubble) separation  of insoluble particles from a aqueous suspensionparticles from a aqueous suspension
–– Collection, harvest or disposal of floatsCollection, harvest or disposal of floats
–– Discharge of clarified clear effluent from bottomDischarge of clarified clear effluent from bottom
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Solution:  Flotation Hydraulic Solution:  Flotation Hydraulic 
Loading CalculationsLoading Calculations
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FlotationFlotation--Sedimentation Sedimentation 
ComparisonComparison
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What are the practical flotation What are the practical flotation 
applications ?applications ?
 Potable water treatmentPotable water treatment
 Industrial water purificationIndustrial water purification
 Industrial effluent treatmentIndustrial effluent treatment
 Municipal sewage & sludge treatmentMunicipal sewage & sludge treatment

4/24/20164/24/2016

 Municipal sewage & sludge treatmentMunicipal sewage & sludge treatment
 Ore miningOre mining
 Groundwater decontaminationGroundwater decontamination
 DeDe--inking waste paper pulpinking waste paper pulp
 Algae harvesting and lake restorationAlgae harvesting and lake restoration
 Separating plastics from shredded solid wastesSeparating plastics from shredded solid wastes
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MultipleMultiple--Solutions, such as: Rectangular Solutions, such as: Rectangular 
Dissolved Air Flotation (DAF) Dissolved Air Flotation (DAF) –– Waterlink Waterlink 
Separation Inc, Lake Bluff, IllinoisSeparation Inc, Lake Bluff, Illinois
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What is the “zero velocity concept of a What is the “zero velocity concept of a 
Circular Dissolved Air Flotation (DAF) ?Circular Dissolved Air Flotation (DAF) ?
–– Krofta Engineering Corp., Mass.Krofta Engineering Corp., Mass.
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Solution: Circular Dissolved Air Solution: Circular Dissolved Air 
Flotation (DAF) Flotation (DAF) –– Krofta Krofta 
Engineering Corp., Mass.Engineering Corp., Mass.
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(1) 1(1) 1stst USA 1USA 1--MGD LenoxMGD Lenox--MA potable water MA potable water 
plant (DAFF) built in 1981;plant (DAFF) built in 1981;
(2) Once world’s largest 37.5(2) Once world’s largest 37.5--MGD PittsfieldMGD Pittsfield--
MA potable water plant (DAFF) built in 1986MA potable water plant (DAFF) built in 1986
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How does a new generation circular How does a new generation circular 
package plant work?package plant work?
–– DAFF (LenoxDAFF (Lenox--MA & LeeMA & Lee--MA)MA)
$
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Solution: Circular FlotationSolution: Circular Flotation--
Filtration Plant Filtration Plant –– Coagulation & Coagulation & 
FlocculationFlocculation
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Solution: Solution: Circular FlotationCircular Flotation--Filtration Filtration 
Plant Plant –– Dissolved Air FlotationDissolved Air Flotation
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Solution: Circular FlotationSolution: Circular Flotation--Filtration Filtration 
Plant Plant –– Automatic Backwash  Automatic Backwash  
FiltrationFiltration
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Solution: Circular FlotationSolution: Circular Flotation--Filtration Filtration 
Plant Plant –– Sludge Collection & Sludge Collection & 
DischargeDischarge
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Rectangular FlotationRectangular Flotation--Filtration Package Plant  Filtration Package Plant  
(DAFF) (DAFF) –– Clearwater Group, Black Diamond, Clearwater Group, Black Diamond, 
WashingtonWashington
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Combined FlotationCombined Flotation--Screwpress Screwpress 
Process for Sludge ThickeningProcess for Sludge Thickening
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What are theory and principles of What are theory and principles of 
OzonationOzonation--Oxygenation Flotation Oxygenation Flotation 
(Oxyozosynthesis) System ?(Oxyozosynthesis) System ?
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Solution: OzonationSolution: Ozonation--Oxygenation Oxygenation 
(Hyperbaric) Reactor(Hyperbaric) Reactor
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Flotation System ImprovementsFlotation System Improvements
 Flotation Reactor ImprovementFlotation Reactor Improvement
 Improved Sludge ThickeningImproved Sludge Thickening
 Improved Secondary DAF ClarificationImproved Secondary DAF Clarification
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 Improved Secondary DAF ClarificationImproved Secondary DAF Clarification
 Improved Primary DAF ClarificationImproved Primary DAF Clarification
 Both Primary and Secondary ClarificationBoth Primary and Secondary Clarification
 Primary, Secondary and Tertiary ClarificationPrimary, Secondary and Tertiary Clarification
 Combined Chemical and Biological TreatmentCombined Chemical and Biological Treatment



Improved Flotation ReactorsImproved Flotation Reactors
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Improved Gas DissolvingImproved Gas Dissolving
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What are the improved optional What are the improved optional 
modes ?modes ?
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SolutionSolution--Example: Package Example: Package 
Flotation ClarifierFlotation Clarifier
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Complete Flotation WWT SystemComplete Flotation WWT System
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Complete Flotation Clarifier versusComplete Flotation Clarifier versus
Sedimentation ClarifierSedimentation Clarifier
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What is the footprint comparisons What is the footprint comparisons 
among clarifiers?among clarifiers?
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Solution: Almost Zero FootprintSolution: Almost Zero Footprint
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Traditional DAF ApplicationTraditional DAF Application
---- Sludge Thickening Sludge Thickening ----
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Improved Sludge Treatment Improved Sludge Treatment 
Source:  USEPASource:  USEPA
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How can a troubled secondary How can a troubled secondary 
clarification be corrected?clarification be corrected?
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Solution: Improved Secondary Solution: Improved Secondary 
ClarificationClarification
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Solution: Both Primary & Solution: Both Primary & 
Secondary Flotation Secondary Flotation ––
Dairy WWTDairy WWT
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Solution: Improved Nitrification Solution: Improved Nitrification 
and Denitrification Processesand Denitrification Processes
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ChemicalChemical--Biological Treatment of  Biological Treatment of  
Tannery WastewatersTannery Wastewaters
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Solution: Champion International Solution: Champion International 
Corp (Paper Mill) WWT Corp (Paper Mill) WWT 
ImprovementImprovement
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Tertiary DAFTertiary DAF--Filtration ClarifierFiltration Clarifier
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USEPA DAF Performance DataUSEPA DAF Performance Data

4/24/20164/24/2016



How can the greenhouse gas be utilized How can the greenhouse gas be utilized 
in treating industrial effluents?in treating industrial effluents?
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Solution: Carbon Dioxide Flotation Solution: Carbon Dioxide Flotation 
of Dairy Factory Effluentof Dairy Factory Effluent
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Technologies for Environmental Technologies for Environmental 
Infrastructure SustainabilityInfrastructure Sustainability
Technologies for Environmental Technologies for Environmental 
Infrastructure SustainabilityInfrastructure Sustainability

 Conference Speakers:  Conference Speakers:  
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