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Natural Organic Matter (NOM)

in Drinking Water Treatment
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SafeCREW tested, porous Membranes

LMH/bar atpH7 (mV -desortlon

LEEERE I Viembrana Polyamide 3000 +13.5 ~100

ECE Y \Vcmbrana Polyamide Au 1400 +13.5 ~40 +
(Nylonplus RS Polyamide/Nylon Au 3900 -2 450 +
Carl Roth Polyamide/Nylon Au ~4000 -30 450 )
Carl Roth Polyamide/Nylon Au ~4000 +2 450 +
[EZEI Vicrodyn Na.  Polyethersulfone Au 280 -28 23 -
Microdyn Na.  Polyethersulfone Au 280 -11 23 )
Microdyn Na. PVDF Au 280 -33 23 -
Membrana Polyethersulfone Au 25000 -42 200 -
DuraPES.2 00+ Membrana Polyethersulfone Au 25000 -30 200 o}
Cysteamine

HzG* Polyacrylonitrile Au/Pt 1700 +9 25 o)
HzG* Polyacrylonitrile Au/Pt 1870 -33 25 -
HzG* Polyacrylonitrile Au/Pt/Ag 1770 +10.5 25 ++
HzG* Polyacrylonitrile Au/Pt 1650 -17.5 25 0
Sartorius Reg. cellulose Ni 18000 +13 >3000 -
Sartorius Reg. cellulose Ni 18000 +7 >3000 +
Sartorius Reg. cellulose Ni 18000 +20 >3000 +

1(Mantel et al. 201 8); 2(Mantel et al. 2021 b); 3(Usman et al. 2024); 4(Glass et al. 2021)

Electrodes® LMH/bar pH 7 = desortlon

Sartobind Q Sartorius Reg. cellulose SSM, SS, GF 18000 +13 3000
Sartobind D Sartorius Reg. cellulose SSM, SS, GF 18000 +20 3000 ++
PAN-EDA HzZG* Polyacrylonitrile SSM, SS, GF 1100 +10.5 25 o)
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Membrane Adsorber Characterization

Strong basic vs. weak basic ion-exchange membrane adsorber

-

Sartobind® Q:
strong basic

Approx. pKs: 11

Quarternary Amine: R-CH,-N+(CHs)s

N 4

Primary
Porosity

Secondary

Porosity K

Sartobind® D:
weak basic

Diethylamine: R-CH»-N-(C,Hs),
Approx. pKs: 9.5

~

Electrochemical in-situ pH control

Alkaline Pathways Reactions E°vs. RHE

Direct four-electron 0,+2H,0+4e~ > 40H" 1.230V

Two-electron 0, + H,0 +2e~ —->HO, +OH™ 0.695 Vv
HO; + H,0 +2¢~ - 30H™ 1.776 V

Zeta Potential (mV)
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[Adapted from Wullenweber et al. 2024]
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Application of External Electrodes

Negatively
charged NOM External
Electrodes

Packed Bed Adsorber

—» bulk convection
— film diffusion
— pore diffusion
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Application of External Electrodes

Negatively Negatively
charged NOM External charged NOM
Electrodes

—» bulk convection
— film diffusion —
— pore-giffasion

Homogenous electric field

Packed Bed Adsorber Membrane Adsorber

* X %
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* *

* 5 K

Funded by 125
1Adapted from Qu et al. 2023 the European Union



Adsorptive Membrane for NOM removal
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Electrochemical induced Regeneration
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In-situ pH stimulation
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Linear Sweep Voltametry

Cell Potential [mV]
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Surface Chemistry Matters

Adsorption
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Surface Chemistry Matters

Electro Selective Adsorption

B
g
|
—ees =
> =
> -1 5o g o
- i ﬁ:(‘\l -—
s 2[ i |
_3' A S f“; -15} —®— Sartobind® D
0 200 400 600 ‘E; —@— Sartobind® Q PHeiectro
N _30 1 . 1 : 1 . 1 . 1 R ] . 1 . 1 N 1
Volume [mL] 3 4 5 6 7 8 9 10 11
Sartobind D Sartobind Q pH (-)
(weak basic) (strong basic)
— 0V — 0V e

* *
*

ses JEA] sin DB\ ****:
- -2.5V 10mmol NaCl
Funded by 131
the European Union




Surface Chemistry Matters

Adsorption
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Surface Chemistry Matters

E-Regeneration
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Influence of Dissolved Oxygen

Cell Potential [mV]
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Influence of applied Potential

Variation of Potential
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Cyclic Process: electro-sorption/-desorption

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 B Adsorption Il Regeneration
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» Highest adsorption capacity in 1st cycle.

> %Regeneration peaks in 2nd cycle.

> "Weaker adsorbing" sites dominate after 1st cycle, enabling better regeneration.
» Almost no energy required (appr. 10 W/m3)
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Conclusion

» Adsorber sites are electrochemically tunable, electro-induced
regeneration enables chemical-free membrane cleaning

» Oxygen reduction causes localized in-situ pH

» Regeneration efficiency improves with higher applied electric
potential

» Optimal operation at ~100 LMH balances mass transfer limitations

» Microfiltration energy use is low (~0.1 kWh/m?) with NOM removal
comparable to energy-intensive nanofiltration.

» Electro-regeneration adds minimal energy demand
(~0.01 kWh/m?).
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