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Membranes are used for var ious applications

ü Surface water treatment

üGroundwater treatment

ü Recycling

üWastewater treatment

üWater reuse

ü Sea water desalination

ü Polishing

Membranes & Water Treatment

Microfiltration (MF): 0.15 to 50 micron

Ultrafiltration (UF): 0.003 to 0.2 micron

Nanofiltration (NF): 0.001 to 0.003 micron

Reverse Osmosis (RO): 0.0005 micron

Membranes - Based on Pore Size

Water passes Salts pass Macro molecules pass
Solid Particle s

return

Nominal Pore Size : 0.1 •mTypical Retentates
Solids

Kaolin, silica, yeast, bacteria,     
dextrose, ‘mud’, granular starch, 

pigments

Micro Filtration 
Ø Simple screening mechanism

Pore size 0.1 •m  - 1 •m

∆P ≈ 0.1 to 5 bar

Ø Low pressure process

Ø Most effectively  remove particles and microorganisms 
(bacteria)

Ø High flux

Ø Colloids/Macromole pass through 



Nominal Pore Size :0.01 •m
20000 MWCO

Typical Retentates
Macromolecules

proteins, polyvinyl alcohol, 
gelatinized starch, pectin, 

dispersed dyes

Ultra Filtration 

Salts passWater passes
Macro molecules

return
Solid particle s

return

Ø Screening and Adsorption
Pore size 0.01 •m - 0.1 •m

∆P 1 - 10 bar

ØMembrane is classified in terms of Molecular Weight-Cut off 
(MWCO) : 1000 - 100,000

MWCO Approx. pore size (nm)
1,000 2
10,000 5

100,000 12
1000,000 28

Two lay ers: a thin (0.1 to 0.5µm), skin layer and 
Porous substructure support lay er

Ø Separation of macromolecules

Ultra-Filtration 

0.004

Nominal Pore Si ze :250 MWCOTypical Retentates
Salts (small molecules)
sodium nitrate, sugar,
soluble dyes, amino acid

Nano-Filtration 
Some salts pass

some return
Water passes Macro molecules

return
Solid particle s

returnØ NF removes molecules in the 0.001 •m -0.01 •m range 

∆P: 5 - 60 bar

MWCO: 200 to 1000 

ØNF is essentially  a lower-pressure version of reverse osmosis 

ØNF performance characteristics : Between Reverse Osmosis 
and ultra-filtration

ØNF removal of bivalent ions, removal of organic compounds,     
dyes

nn MMembrane filtration to separate different fluids or embrane filtration to separate different fluids or 
ions ions 

nn Used in applications where high organic removal Used in applications where high organic removal 
and moderate inorganic removals desiredand moderate inorganic removals desired

nn Cabaple of concentrating sugars, divalent Cabaple of concentrating sugars, divalent 
salts,bacteria,proteins, particles, dyes and other salts,bacteria,proteins, particles, dyes and other 
consistuents that have a molecular weight greater consistuents that have a molecular weight greater 
than 1000 daltons than 1000 daltons 

Nano-Filtration



Typical Retentates
Dissolved ions

sodium, chloride, 
macromolecules

Salts r etur nWat er p ass es
Macro mol ecu les

retur n
Soli d pa rticl es

retur n

Reverse Osmosis

Operating Pressure: 10 - 100 bar

RO has the separation range of <0.001 •m
.

Membrane Processes

MF
0.1 - 5 bar

RO
10 - 100 bar

NF
5 - 60 bar

UF
1 - 10 bar•P =

SS & colloidal solidsMacro molecules, viruses
TDS

Single charged ions

Membrane Classification - Modules

Membrane module refers to the device which houses the 
membrane element:

• Tubular membrane module

• Hollow fibre membrane module 

•Spiral wound membrane module
•Flexible permeate spacer is provided between two flat sheet membranes

• Membrane: sealed three side and open side is attached to  perforated pipe

• Flow is in a spiral pattern. 

•Membrane envelop is spirally wound along with a feed spacer

• Filtrate is collected within the envelop and piped out

Spiral Wound Membrane Module



Feed
Retentate

P ermeate (flows radial ly)

• Membrane is cast inside the support tube 

• Tubular membranes have a diameter of 5 - 15 mm 

• High SS tolerance 

• Flow is usually inside out 

•Mainly MF and UF

• Low packing density, high prices per module

Tubular Membrane Modules Hollow Fibre Membrane Module

ØConsists of a bundle of hundreds and thousands of hallow fiber

ØEntire assembly is inserted into a pressure vessel

Ø Feed can be applied inside of the fiber (inside-out flow) outside 
(outside-in flow)

Ø Highest packing density of all.

ØHollow fiber is used mainly for NF and RO 

Membrane MaterialsMembrane Materials

ØØ Asymmetric cellulose acetate Asymmetric cellulose acetate 
ØØ PolyamidesPolyamides
ØØ Polyacrylonitrile (PAN)Polyacrylonitrile (PAN)
ØØ PVC/PAN copolymersPVC/PAN copolymers
ØØ PolysulphonePolysulphone
ØØ Sulphonated polysulphonesSulphonated polysulphones
ØØ PVDF (polyvinylidene difluoride)PVDF (polyvinylidene difluoride)
ØØ PES (polyethersulfone)PES (polyethersulfone)
ØØ Substituted PVASubstituted PVA

Cross Flow Vs. Dead End FiltrationCross Flow Vs. Dead End Filtration

Feed

Permeate Permeate

Feed Retentate

Dead-end Filtration Cross-flow Filtration



Membrane ProcessMembrane Process

FeedFeed PermeatePermeate

ConcentrateConcentrate

RemovalRemoval

MicromolesMicromoles
BacteriaBacteria
VirusesViruses

REJECT

RemovalRemoval

SSSS

Collo idalCollo idal
ParticlesParticles

REJECT

MFMF

Biolog ically  
Treated 

Wastewater

Biolog ically  
Treated 

Wastewater

SS

TDS
Bacteria

Virus

Organics

SS

TDS
Bacteria

Virus

Organics

UFUF

Membranes - Water Recycling Applications

RemovalRemoval

Select ive Select ive 
TDSTDS

Bact eria  Bact eria  
VirusVirus

REJECT

RemovalRemoval

TDSTDS

Bact eria  Bact eria  
VirusVirus

REJECT

NFNF RORO

Components of a RO SystemComponents of a RO System RO Desalination RO Desalination 

nn Product recovery from 30 % to 90 % of the feed flowProduct recovery from 30 % to 90 % of the feed flow

nn Required pressure:Required pressure:

nn 7 to 13 bar for normal water ( TDS upto 5000 mg/l)7 to 13 bar for normal water ( TDS upto 5000 mg/l)

nn 17 to 27 bar for brackish water (TDS upto 12000 mg/l)17 to 27 bar for brackish water (TDS upto 12000 mg/l)

nn 54 to 80 bar for seawater (TDS upto 50,000 mg/l)54 to 80 bar for seawater (TDS upto 50,000 mg/l)



Reverse Osmosis   Reverse Osmosis   

Design considerationsDesign considerations

nn Feed Water Quality & PreFeed Water Quality & Pre--treatmenttreatment

nn Choice of membranes, design flux, recovery, arrayChoice of membranes, design flux, recovery, array

nn Choice of chemicals Choice of chemicals 

nn Membrane cleaningMembrane cleaning

nn Composition and quantity of rejectComposition and quantity of reject

Reverse Osmosis Reverse Osmosis 

Limiting ParameterLimiting Parameter ValueValue
PH PH 3 3 –– 1010

Temperature Temperature < 45 degrees Celsius< 45 degrees Celsius
TurbidityTurbidity < 1.0 NTU< 1.0 NTU

Silt density indexSilt density index < 4.0< 4.0
Oil & greaseOil & grease NilNil
Free chlorineFree chlorine < 0.1 mg/l, continuous< 0.1 mg/l, continuous

Fe, MnFe, Mn < 0.1 mg/l, total< 0.1 mg/l, total

Feed W ater Limiting ParametersFeed W ater Limiting Parameters

Membrane Bio-Reactor

MBR MBR -- Process BasicsProcess Basics

SS

DN N

SS

SC
Effluent

Conventional Technology
Membrane Technology

NDN

Effluent
UF



MBR MBR -- Process BasicsProcess Basics

Membrane
Water Suction

TDS

Sludge flocs

Viruses
Bacteria

Influent

Effluent

Mem brane Module

MBR - Comparison of Processes

External Membrane Systems

Influent

Effluent

Aerat ion

MBR - Comparison of Processes
Submerged Membrane Systems

MBR MBR –– Membrane Membrane -- TypesTypes



Conventional ASP vs. MBRConventional ASP vs. MBR

Treatment 
Conventional 

Activated Sludge MBR Process

Fin al C lar ifi er Yes No

Terti ary Fi lter Yes No

MLSS (mg/L) < 4,000 >10,000

Sludge Ag e (day) < 10 >10

Footpr int Larg e 3 – 5 times smal ler

Process Stab il ity
Sens itiv e to sludg e 

bulking
Not sens itiv e to 

upset s

MBR MBR -- Effluent Water QualityEffluent Water Quality

Membrane provides an absolute barrier and Membrane provides an absolute barrier and 
effluent quality is no longer a concerneffluent quality is no longer a concern

Parameter Conventional MBR

TSS , mg/l <30 <2

Turbidity, NTU 2-10 <0.2

Total Coliform,
number per 100ml

10,000-100,000 100

BOD5, mg/l <20 to 30 <2

Assessment of MBR TechnologyAssessment of MBR Technology

AdvantagesAdvantages
•• High effluent quality High effluent quality 
•• No sludge settling problems No sludge settling problems 
•• Lower footprints & volumes Lower footprints & volumes 

DisadvantagesDisadvantages
•• Membrane foulingMembrane fouling
•• Complex controls Complex controls 
•• Higher capital &Higher capital &
•• Increased operational costsIncreased operational costs

Membrane Operation - Key Factors

nn Flux Flux 

nn FoulingFouling

nn RejectionRejection

nn RecoveryRecovery

nn Temperature Temperature -- Viscosity of WaterViscosity of Water



Membranes Membranes -- Incremental DevelopmentsIncremental Developments

Better MembranesBetter Membranes

nn Longer lifeLonger life
nn Low pressure requiredLow pressure required
nn High salt rejectionHigh salt rejection
nn Lower costLower cost

Changes in Water PricingChanges in Water Pricing

nn Commodification of water pricingCommodification of water pricing

nn Water for industries is costly Water for industries is costly 

nn Large scale sea water RO cost approx Rs. 40/m3Large scale sea water RO cost approx Rs. 40/m3

nn Recycled and desalinated water  Recycled and desalinated water  -- Competitive with Competitive with 
other sources of waterother sources of water

Reclamation of WaterReclamation of Water

nn Wastewater as a source of raw waterWastewater as a source of raw water

nn Reclaimed water is much cheaper Reclaimed water is much cheaper –– capital cost as capital cost as 
well as operating costwell as operating cost

nn Many countries recycle and reuse up to 70 percent Many countries recycle and reuse up to 70 percent 
of their wastewater of their wastewater 

nn Direct and indirect reuse possibleDirect and indirect reuse possible

Thank youThank you

It’s all about imagineeringTM


