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nanofiltration and reverse osmosis
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Introduction




o Spiral wound membrane




e Spiral wound membranes




e Principle slow sand filtration

v =0.10 m/h
d=0.15-0.35mm




e Slow sand filtration
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e Parallel MF/SSF
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e Traditional RO/NF - fouling

Turbulent flow across membranes 1(!U Delft



 Filtration process and particle size







* Principle NF/RO




e Reverse Osmosis ??
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e Osmotic balance
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e Reverse osmosis
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e Concentration laminary

border layer

e polarisation
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Modules




o Spiral wound membrane




hyperfiltration element

membrane

RO-product

_ product spacer glue seam



feed spacer










e Treatment Heemskerk (PWN)

50% 50%
Jssel lake ACF Ultrafiltration
Fe3+ LSS AOP Reverse osmosis
Ca(OH), S
Coagulation Dune infiltration

Sedimentation Aeration

Rapid filtration Rapid filtration

Softening
Rapid filtration

Drinking water




e Treatment Heemskerk (PWN)
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e Treatment Heemskerk (PWN)

%
TUDelft



%
TUDelft









e Treatment anaerobic groundwater

Conventional
treatment
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« Membrane staging
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e Staging 22-11-5
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e Standard design
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e Recent research
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e Production per element

maximum: 0.91 conventional:
0.723
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Pre-treatment Optimali- cleaning
sation
process
conditions
Particles +
Scaling +/-
Biofouling ?

Organic fouling
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* Process design:

e operational parameters:
 cross flow velocity
o flux
e recovery
e acid or anti-scalant
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e Spiral wound membranes




e Staging: increasing cross-flow velocity in second stage
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* Process design:
e module design
» staging
e operational parameters:

e acid or anti-scalant
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e .
polarization

fouling

%
TUDelft



e
TUDelft



* Process design:
e module design
» staging
e operational parameters:
 cross flow velocity
o flux
* recovery
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