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What is our Approach?
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Low cost support material Ion conductive material

Composite material

▪ Polyethylene

▪ Polypropylene

▪ Polystyrene

▪ Paper

▪ …

▪ Perfluoroalkylsulfonic 

acid (PFAS)

▪ Sulfonated poly(ether 

ether ketone)

▪ Poly(ionic liquids)

▪ …
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Paper Substrate
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100 µm

100 µm

µCT image 

Cryo-fracture SEM image

Surface SEM* image

100 µm

*Scanning electron microscopy
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Conductive Polymer
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2 µm

Cryo-fracture image of 

single fiber

Cryo-fracture image of 

paper surface

Poly(ionic liquid)

Spirk et al., Patent EP4296299A1

5 µm
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Inverse Gas Chromatography (IGC) and SEM

5Sygusch, J. et al. J. Chromatogr. A 2024, 1714, 464526.

→ Fiber coverage of ~15%

(inner and outer surface)

Measured by acetonitrile adsorption
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A B C

PFAS-type

Battery Test

6Gerken et al. Adv. Energy Mater. 2020, 10 (20).pBQS vs AQDS in 1M H2SO4 (10 mM);

50 ml/min; 10-15 min/cycle

▪ Phase A: Run-in of the battery 

(swelling of fibers)

▪ 0.16 % per cycle

▪ Phase B: Stable operation

▪ 0.01 % per cycle

▪ Phase C: Capacity fading

▪ 0.08 % per cycle
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Electrochemical Impedance Spectroscopy (0.05 M Na2SO4)

7Díaz, J. C. et al. J. Membr. Sci. 2021, 618.

Díaz, J. C. et al. J. Membr. Sci. 2023, 669, 121304. 

100 µm

100 µm

Raw Paper

Membrane 

before use

Pristine paper Membrane PFAS-type
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Distribution of Relaxation Time

8© Chris W. Braunschweiger - Eigenes Werk, CC BY-SA 4.0, 

https://commons.wikimedia.org/w/index.php?curid=136341334
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Distribution of Relaxation Time
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Plank, C. et al. J. Power Sources 2024, 594, 233845. | Schneider, J. et al. Electrochim. Acta 2020, 336, 135510. | 

Tichter, T. et al.. Curr Opin Electrochem 2022, 34, 101027. | Wan, T. H. et al. Electrohim. Acta 2015, 184, 483.
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Distribution of Relaxation Time
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One single dominant peak 

at slow time scales

→ Most likely diffusion
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Distribution of Relaxation Time
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One dominant peak→ Electrical double 

layer formation
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Distribution of Relaxation Time
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No additional peak 

→ high conductivity
Only one dominant 

peak
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Conclusion
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▪ Modification of paper with poly(IL) is possible

▪ Stability of the membranes for >800 cycles

▪ Cross-diffusion below commercial products 

▪ Conductivity one order of magnitude below PFAS-type
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THANK YOU!

Contact me: 

Ecolyte GmbH

lukas.pachernegg@ecolyte.at

+43 664 1579949

www.vanillaflow.eu

www.ecolyte.at

mailto:lukas.pachernegg@ecolyte.at
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Polarization of the Battery

16Gerken et al. Adv. Energy Mater. 2020, 10 (20).

Power density drop through:

▪ Deposits on the carbon felt

▪ Degradation of the electrode

▪ Cross-diffusion of the active 

species 

▪ Degradation of the membrane
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Membrane used

Membrane new

Paper pre-treated

Paper pristine

C-1
C-4 C-6

Park, S. et al. Cellulose 2009, 16, 641-647.

Lins, S. et al. Int. J. Biol. Macromol. 2025, under review.

C-2,3,5

Solid state NMR
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Solid state NMR
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Membrane used

Membrane new

Paper pre-treated

Paper pristine

Lins, S. et al. Int. J. Biol. Macromol. 2025, under review.

9

1,3

24,5,6
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Vanadium RFB
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Stability
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Used Membrane after 800 cycles
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