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How can | separate various

pollutants cost-effectively ?
il

Water, Wastewater and Sludge
Treatment (Source Matric Env. )
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Solution : Flotation
Separation Technologies

m Plain Gravity Flotation (Oil/Wax)

m Dissolved Air (Gas) Flotation (Laminar
Flow; Fine Bubbles; )

m Dispersed (Induced) Air Flotation
(Turbulent Flow; Coarse Bubbles)

m Vacuum Flotation
m Electroflotation (H2, O2, CI2 Bubbles)
m Biological Flotation (N2, CO2 Bubbles)
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How does water-solids

separation actuall

IHiustrations of thhe Three Mechanismss

-

Bubbles and Floc Mix Bubble Emntraprmentt & Flotation
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Solution: Chemical Addition, Mixing,
Precipitation & Coagulation

m (ﬁlﬁmical Addition & Mixing
m Chemical Precipitation
- Solute A + Solute B = insoluble flocs

m Chemical Coagulation:

— Formation of chemical flocs that adsorb, entrap, or bring
suspended matter together

(Soluble Al & aluminum hydroxide flocs)

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

— Collector adjustment (hydrophobic nature)
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Flocculation

+

m Flocculation:

— Enlargement of pinfloc to speed
separation

— Occurs via addition of long chain polymer

— Polymer actually grabs onto several
pinflocs and pulls material together
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Why can flotation separation rate
be so high? How does it work?

m Chemical addition, mixing, chemical
precipitation and coagulation

m Flocculation — Formation of stable flocs

m Flotation Clarification:

— Generation of gas bubbles (air, nitrogen, carbon
dioxide, ozone, oxygen, hydrogen, chlorine)

— Flotation (bubble) separation of insoluble
particles from a aqueous suspension

— Collection, harvest or disposal of floats
— Discharge of clarified clear effluent from bottom
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Water-Solids Separation
Jr_l_by Flotation




Solution: Flotation Hydraulic
Loading Calculations

Q is the flow rate (m°/ min)
V (Flow Velocity) = m/ min = Q/WH
Ve = Rise Velocity
T (Time of rise from bottom to top) =H 7/ V,
L (Length water travels in Time T) =V T
= QT /WH
T = LWH/ Q = H/V_ 4
Ve=Q/7 LW LW is the surface area
» Ap (Surface Loading)

Q = Vg = Ap
Ve (mP/7/min/7m?)
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What are the practical flotation
applications ?

DBtuble water treatment

ndustrial water purification

ndustrial effluent treatment

Municipal sewage & sludge treatment

Ore mining

Groundwater decontamination

De-inking waste paper pulp

Algae harvesting and lake restoration
Separating plastics from shredded solid wastes
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Rectangular Dissolved Air
Flotation (DAF)

m Chemical addition,
mixing,
coagulation-

flocculation

m lotation

m [lotation effluent
discharge

m [loat discharge




Multiple-Solutions, such as: Rectangular

Dissolved Air Flotation (DAF) — Waterlink
Separation Inc, Lake Bluff, lllinois
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Rectangular Dissolved Air
Flotation (DAF) — Waterlink

Separation Inc, Lake Bluff, lllinois
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Rectangular Dissolved Air
Flotation (DAF) — West Nyack-NY

potable water plant (30 MGD)
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Rectangular Dissolved Air
Flotation (DAF) — West Nyack-NY
potable water plant (30 MGD)
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Circular Dissolved Air Flotation (DAF)
— Krofta Engineering Corp., Mass.
55-ft Diameter; 7290 GPM.
Petrochemical Wastewater Treatment




What is the “zero velocity concept of a
Circular Dissolved Air Flotation (DAF) ?

— Krofta Engineering Corp., Mass.
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Solution: Circular Dissolved Air
Flotation (DAF) — Krofta
Engineering Corp., Mass.
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(1) 1st USA 1-MGD Lenox-MA potable water
plant (DAFF) built in 1981;

(2) Once world’s largest 37.5-MGD Pittsfield-
notable water plant (DAFF) built in 1986
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How does a new generation circular
package plant work?

— DAFF (Lenox-MA & Lee-MA)

STAINLESS STEEL TANK
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Solution: Circular Flotation-
Filtration Plant — Coagulation &
Flocculation




Solution: Circular Flotation-Filtratio

Plant — Dissolved Air Flotation
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Plant — Automatic Backwash

Filtration

DISTRIBUTION
BOX




Plant — Sludge Collection &
Discharge




Circular Flotation-Filtration Plant (DAFF)




37.5-MGD Pittsfield Water
Treatment Plant, Mass. -- 1986




Rectangular Flotation-Filtration Package Plant
(DAFF) — Clearwater Group, Black Diamond,




Rectangular Sedimentation & Flotation,
Seoul, Korea; Algae Separation
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Combined Flotation-Screwpress

Process for Sludge Thickening

JAL) ~
3800~
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. Pipe for Recycle Suction

. Pressurized Water Pipe

. Dissolved Air Flotation Thickener
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What are theory and principles of

Ozonation-Oxygenation Flotation
(yozosynthesis) System ?
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Solution: Ozonation-Oxygenation

(Hyperbaric) Reactor
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Sequencing Batch Reactor (SBR)-
Flotation or Sedimentation

Bigilpgical or Physicochemical

SERE A CONTINUOLUIS PROCESS “IN BATCH”™

ITreatment sequence
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Flotation System Improvements

m Flotation Reactor Improvement

m Improved Sludge Thickening

m Improved Secondary DAF Clarification

m Improved Primary DAF Clarification

m Both Primary and Secondary Clarification

m Primary, Secondary and Tertiary Clarification
m Combined Chemical and Biological Treatment
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Improved Flotation Reactors

SWOGE / AR NTERFACE

COMPRESSION FLOTATION

MINDERED—FLOTATION REGION

ZONE FLOTATION REGION

SLUDGE / WATER INTERFACE

CLEAR WATER REGION




Improved Gas Dissolving
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What are the improved optional

modes ?

FULL
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Solution-Example: Package

Flotation Clarifier

Wastewater
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Complete Flotation WWT System
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mix Flocculation .
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omplete Flotation Clarifier versus
Sedimentation Clarifier




What is the footprint comparisons

amongdq clarifiers?

1.7 MGD 1180 GFPM 4.4 m*/ min 6340 m* /f day

"DAF TANK
3 min Resident
Time

FOAM TANK
4 min Resident
Time

20 ft Diameter
{6.7 m)
Adr =1% viv

23 ft Diameter
(7.6 m)
Aidr = 400%% wviv

SEDIMENTATION TANK

100 minutes Resident Time

53 Ft Diametoer (17.6 m)

4/24




Solution: Almost Zero Footprint




Traditional DAF Application

-- Sludge Thickeningc
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Improved Sludge Treatment

Source: USEPA
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How can a troubled secondary

clarification be corrected?

~ ~
Py Settling \
. eration clarifier Effiuent to
Incoming basin 27,252 TPD [, + receiving stream
waste Ss OO0 O 7.2 MGD ){ ( O B >
13,626 TPDA At 0.4% 13,626 TPD
3.6 MGD 1,500,000 GAL \ /] 36MGD
' 1136m* /.
N e
Sy | w—
13,626 TPD
3.6 MGD at 0.8%
- - > Waste sludge 0.8%

Recycle sludge
Original conditions:
Basin retention - 5 h
Waste sludge - 0.8% consistency
Settling clarifier retention - 1 h




Solution: Improved Secondary

Clarification

*Harvesting" stage Polishing stage

— —

i N

DAF clarifier
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Incoming Agraa:iur?n 16,654 TPD clarifier \ Effiuent to
waste 4.4 MGD Tireceiving str
s O O O Q 1]13,626 TPD
3.6 MGD 1,500,000 GAL 21,000 GAL 7] 36 MGD
5,678 m3 80 m3 \ 300,000 GAL .
\ 11136 m3
2,650 TPD L
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Sludge At 2.4% Sludge At 0.8%
M
Waste Improved conditions:
siudge Basin retention - 8.2 h
2.5% Waste sludge ~ 2.5% consistency

Settling clarifier retention - 1.95 h



Solution: Both Primary &

Secondary Flotation —

Air blower Aeration basin
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Solution: Improved Nitrification

and Denitrification Processes

Two Stage Three Stage Nitrogen
Nitrification Process Removal Process
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Chemical-Biological Treatment of

Tannery Wastewaters
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olution: Champion International

Corp (Paper Mill) WWT

18 million gal/day

160 tons/day
TOo To
sludge ‘ Screen ] sludge
press 9 million gal/day ] 9 million gal/day press

Primary
settling

Prirmmary

settling
o968 %0 clarifier clarifier oOS5%0
solids solids
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_ NH5 amnd HaPO,
Sludque ’
@ 2% . =
O.5 milhion a - ggrﬁ::ﬁ%,??a'? 1S¢'I.'_éqtge r?é:ycle
at/da rmillion oT = = ons ay
= ¥ gal/day | 2-D retention weir 7 million gai’day
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~C
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clarifier
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USEPA DAF Performance Data

Control Technology Summary for Dissolved Air Flotation

Effluent concentration

Pollutant Range Median e Removal

Classical pollutants (mg/L)
BOD (5-d) 140—-1000 250 68
CcCOD 18-3200 1200 66
TSS 18-740 82 88
Total phosphorus <0.05—-12 0.66 o983
Total phenols(a) =>0.001-23 0.66 12
Oil and grease i6-220 84 79

Toxic pollutants (uug/L)
Antmony ND—2300 20 76
ATrsenic ND—18 <10 45
Xylene ND—1 000 200 o7
Cadmium BDIL.—<72 BDL o8«
Chromium 2—620 200 52
Copper 5960 180 75
Cyanide <10—2300 s54 10
I_ead ND—1000 70 98
Mercury BDL—2 BDI. 75
Nickel ND-270 41 73
Selenium BDIL—8.5 2 NM
Silver BDIL 66 19 45
Zinc ND—-S53000 200 89
Bis(2-etHylhexvyl) phthalate 30—1100 100 72
Butyl benzyl phthalate ND—2 ND =99
Carbon tetrachloride BDIL.-210 36 75
Chloroform ND-—-24 1= 58
Dichlorobromomethane ND >99
Di-AN-butyl phthalate ND—-300 20 o7
Diethy]l phthalate ND =99
Di-N-octyl phthalate ND-33 11 78
N-nitrosodiphenylamine 620 66
2, 94-Dimethylphenol ND—-28 i4 >99
Pentachlorophenol 5—-30 13 19
Phenol 9—2400 71 57
Dichlorobenzene 18260 140 76
Ethylbenzene ND—-970 44 65
Toluene ND—-2100 580 39
Naphthalene ND—-840 96 77
Anthracene/phenanthrene 0.2—600 10 81




How can the greenhouse gas be utilized

in treating industrial effluents?

P = Pressure of the the gas

Note: 1 atin=1.01 Bar = 14.7 psi

C = Concentration of the gas in a saturated
solution

mL(STP) / 100 mL water = % v/v gas/ waler

Solubilities of some gasses, P =1 atin

Temp °C Air Oxygen | Nitrogen |Hydrogen E CO,
4 2.63 4.40 2.14 0.206 1’ 14.7
20 1.87 3.10 1.54 0.182 | 8.78
50 1.30 2.09 1.09 0161 | 4.36




Solution: Carbon Dioxide Flotation
of Dairy Factory Effluent
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