Latest Membrane Technologies
in
Industrial Water & Wastewater
treatment

Membranes - Based on Pore Size @

Microfiltration (MF):  0.15 to 50 Micron

Ultrafiltration (UF). 0.003 to 0.2 micron

Nanofiltration (NF): 0.001 to 0.003 micron

Membranes & Water Treatment

Membranes are used for various applications

U Surface water treatment
U Groundwater treatment

U Recycling

Micro Filtration @

@ Smple screening mechanism
Poresze 01em - 1em

DP »0.1to 5 bar
@ Low pressure pracess

@ Most effectively remove particlesand microorganisms
(bacteria)

@ High flux

@ ColloidgMacromole pass through




Ultra Filtration

@ Screening and Adsorption
Poresze 0.01em-0.1em
DP 1-10 bar

@ Membrane is classified in terms of Molecular W eight-Cut of f
(MWCO) : 1000 - 100,000

MwWCO Approx. pore size (nm)
1,000 2
10,000 5
100000 12
1000,000 28

Two layers: athin (0.1 to 0.5pum), skin lay er and
Porous substructure support lay e

@ Separation of macranolecules

Ultra-Filtration

Kelatisn between MWOUY and the pore sice for UF
menhranss.
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Nano-Filtration

@ NFremovesmoleculesin the0.001 *m -0.01 sm range
DP: 5- 60 bar
MWCO: 200 to 1000
@ NF is esentially a lower-pressire version of reverse 03nosis

@ NF perfamarce characteristics : Between Reverse Osnosis
and ultrafiltration

@ NF removal of bivalent ions, removal of organic canpounds,
dyes

/

Nano-Filtration

Membrane filtration to separate different fluids or
ions

Used in applications where high organic removal

and moderate inorganic removals desired

than 1000




Reverse Osmosis Membrane Processes @

=

Wat er pass es

1 - 10 bar 5 - 60 bar 10 - 100 bar

Operating Presaure: 10 - 100 bar
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RO has e sgaration rangeof <0.001 «m

Membrane Classification - Modules @ Spiral Wound Membrane Module @
Membrane modulerefers to the device which houses the
membraneelement:
¢ Tubular membraremodule

* Hollow fibremembrane module

* Flow isin aspira
*Membrane envelog

« Filtrate is collecte




Tubular Membrane Modules Hollow Fibre Membrane Module

*Mainly MF @ Highest pacK

* Low packin £ @Hollow fiber

Membrane Materials Cross Fow Vs. Dead End Filtration

@ Asymmetric cellulose acetate
@ Poljamides
@ Polyacrylonitrile (PAN)
2 PVC/PAN copolymers

@ Polysulphone l




Membrane Process Membranes - WaterRecycllngAppllcatlons (-
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RO Desalination

n Product recovery from 30 % to 90 % of the feed flow

n Required pressure:

n 7 to 13 bar for normal water ( TDS upto 5000 mg/1)

[pto 12000 mg/1)




Reverse Osmosis

Design considerations

n Feed Water Quality & Pre-treatment
n Choice of membranes, design flux, recovery, array

n Choice of chemicals

Membrane Bio-Reactor

Reverse Osmosis

Feed W ater Limiting Parameters

| LimitingParameter Il valee ]
| T T | A T TR |
| Temperawe ||| <45degreesCelsus ||
| Tubidty [ _<1oNTU ||
| Silt dens AR |
| oilg] "l
| Freeg oTS |
[ Fe e, il

/

MBR - Process Basics




MBR - Process Basics
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MBR - Comparison of Processes

Submerged Membrane Systems

Influent _L

Effluent

Aeration

MBR - Comparison of Processes O

External Membrane Systems

Influent j

= Effluent

N Membrane Module

Hollow Fibre
Symtric Asymmetric




Conventional ASP vs. MBR MBR - Effluent Water Quality

Membrare provides anabsolute barrier and
effluent quality is no longera concern

Parameter Conventional m

TSS , mg/I <30 <2
Turbidty, NTU 2-10 <0.2

Conventional
Activated Sludge

[ S

Treatment MBR Process

Total Colifor
number per 14

BOD,, mg/I

Assessment of MBR Technology @ Membrane Operation - Key Factors

Advantages
- High effluent quality
- No sludge settlingproblems Fouling
- Lower footprints & volumes

Flux

Rejection

Disadvantages Reco\ery




Membranes - Incremental Developments

Better Membranes

Longer life

Low pressure recuired
High salt rejection
Lower cost

Reclamation of Water

Wastewater as a source of aw water

Reclaimed water is much cheaper — capital cost as
well as operating cost

Many countries recycl and reuse up to 70 percent
of their ug gte

Changes in Water Pricing

Commadification of water pricing
Water for industries is costly
Large scale sea water RO cost approx Rs. 40/m3

petitive with




