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MABMEM objectives – filtration technologies

Pressure [bar]

102

101

100

10-1
10-1110102103104105

102 10 1 10-1 10-2 10-3 10-4

[nm]

[µm]

Filtration
Microfiltration

Ultrafiltration

Nanofiltration

Reverse Osmosis

Pollen Yeast Virus Atoms

Protozoa Bacteria Aqueous Salts

Colloids Organic Compounds

Organic Macromolecules

Pore
diameter



MABMEM objectives - fouling

 NOM: humic acid + polysaccarides

 Formation of filtration cake

 Adsorption of bio-polymers

 Partial pore size reduction and 
pore plugging
Improved membrane surface
(e.g hydrophilicity ) to reduce fouling

Feed-water

Permeate

Drain

Permeate Backwash

 Regular backwash to remove 
reversible foulants

 Irreversible fouling causes:
► Reduced flux
► Increased pressure
► Reduced yield

 Chemical enhanced backwash
(caustic, acid, active chlorine)



MABMEM objectives - fouling

• Performance of UF-membranes limited by fouling issues

• Hydrophilic membrane materials show lower fouling tendency

• Additional functionalities of UF-membranes possible?



MABMEM objectives – strategy
Bore Fluid
water / solvent

Polymer Dope
PESU, PVP, 

NMP, additives

Coagulation Extraction, post treatment

Air Gap

Coagulation Bath

Pore size 
~ 30 nm



MABMEM objectives – new materials

R. T. Baker, Membrane Technology and Applications, 2nd Ed, John Wiley & Sons, 2004

PESU, PVP, solvent
MABMEM additives

solid polymer matrix

liquid phase

porosity

Three component phase diagramm



MABMEM objectives – new materials
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Ultrason® E (PESU)

Ultrason® P (PPSU)

• Currently, no PPSU membranes commercially available

• Tight UF-membranes: lower permeability and cut-off compared to PESU

• But, compared to PESU, PPSU has improved stability against oxidation

Tg: 225 °C

Tg: 220 °C



MABMEM work packages

Project start
1.05.2016

●

Project end
30.04.2019

●

Milestone M1
1.10.2017

●

Milestone M2
1.05.2018

●

• Additive synthesis
• Testing in flat sheet membranes
• Optimization (structure, recipe)
• Hollow fiber membrane spinning
• Assemby to laboratory modules
• Module testing

• Multibore fiber spinng
• Demonstrator assembly

• Demonstrator testing
• Surface water
• Waste water

http://iww-online.de/
http://www.enwor-vorort.de/de/Home/enwor.html


MABMEM results – additive synthesis



MABMEM results – surface enrichment

PPSU based additives in PPSU SB membrane separation layer
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 2.5 kDa PPSU moiety
   7.5 kDa PPSU moiety
Lutensol AT80
Pluronic F127
Pluriol E 8000
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MABMEM Results - Rheology

Influence of additives on flow properties

Similar dependence of zero shear rate viscosity on molar mass

Lutensol® AT80



MABMEM Results - Rheology

Influence of additives on flow properties of PPSU based solutions

Increase of viscosity for PPSU/Lutensol® AT80 additives with high Mn

Solution 𝝉𝝉
[s]

𝜼𝜼𝟎𝟎
[Pa s]

PPSU ref. 0.024 20.2
7.5 kg/mol 0.034 24.0
7.4 kg/mol 0.035 24.5
6.3 kg/mol 0.030 21.3
6.3 kg/mol 0.034 22.8
2.1 kg/mol 0.024 17.3
AT80 0.020 15.6



MABMEM results – water contact angle

• Water contact angle was measured in sessile drop mode

• Water is placed on membrane separation layer and contact angle determined

• After screening process is finished, surface energy will be determined for

interesting samples



MABMEM results – water contact angle
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PPSU based additives in PPSU flat sheet membrane separation layer

Presence of MABMEM additives lowers contact angle of separation layer



MABMEM results - fouling

• Three (3) repetitions 
• Feed (1:6000 diluted FS extract, ~ 3.5 mg/L dry mass)
• Fully automated  plant enables us to perform filtration 

with: 
– exact same feed solution 
– exact same operational parameters 
– enables the direct comparison of two different 

membrane materials

Filtration of pure water
 ( 100 LMH – 30  min)

Filtration of foulant  
( 100LMH – 45 min ) & backwash (230 

LMH-50 sec) (24 cycles)    

Filtration of pure water
 (100LMH- 15 min) & backwash (230 

LMH-50 sec)  (3x)

Chemical cleaning 
(NaOH pH:12 + 50ppm free CL) 

Filtration of pure water
 (100LMH- 15 min) & backwash (230 

LMH-50 sec)  (3x)



MABMEM results - fouling

PPSU SB with 6.3kPPSU/AT80 additive (SB 26) 

SEM cross section

single bore fibers

mini modules

100 µm 20 µm



MABMEM results - fouling

Fouling with flower soil – PPSU with 6.3kPPSU/AT80 additive (SB 26) 



MABMEM results - upscale

Dizzer Lab modules LAB 0.9 MB 0.2 Y

Length: 1558 mm
Area : 0.2 m²

SB matrix additive
26 PPSU TB: 6.3k PPSU/AT80
27 PPSU TB: 7.4k PPSU/AT80
28 PESU MB: 2.5k PPSU/F127
29 PESU MB: 7.5k PPSU/F127
30 PPSU MB: 2.5k PPSU/F127
31 PPSU MB: 7.5k PPSU/F127



MABMEM next steps

Location: TBD
Waste water

WAG Roetgen
Surface water 6800 m³/h
From June 2018 (KW 23)

Triflux Demonstrator testing equipment

http://iww-online.de/
http://www.enwor-vorort.de/de/Home/enwor.html


MABMEM conclusions

• Large number of new additives prepared, characterised and tested in 
PESU and PPSU ultrafiltration membranes

• Additive surface agglomeration proven by XPS and contact angle 

• Fouling screening with flower soil extract conducted

• PPSU based additives in PESU and PPSU matrix as development
candidates selected

• Demonstrator testing with surface water from June 2018
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