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Development of surface modified ceramic membranes (D2.4)

Deliverable 2.4 presents the development, functionalization, and performance assessment of
advanced ceramic nanofiltration (NF) membranes.

What is the deliverable about?

This deliverable reports on the development and validation of next-generation surface-modified
ceramic NF membranes tailored for challenging industrial process streams.

Two complementary functionalization platforms were developed and tested on real biorefinery streams
from the Bloom case study: FunMem, a first-generation surface grafting approach, and HYMEM, a
second-generation polymer-brush hybrid membrane platform.

The objective was to enhance the selectivity, robustness and tunability of ceramic NF membranes,
preparing them for integration into pilot-scale treatment trains in the R3VOLUTION project.

What challenges are addressed?

Industrial biorefinery streams are particularly demanding: They can be strongly acidic (pH < 2), rich in
sugars and low-molecular-weight organics, contain residual solvents such as 2-MeTHF, and exhibit
high salinity. In addition, their composition may vary due to upstream process optimisation.
Although ceramic NF membranes are chemically robust, they typically show limited rejection of small
molecules, relatively broad pore-size distributions, and limited tunability. This report addresses this
gap by developing more selective, adaptable and high-performance ceramic membranes capable of
operating under harsh and variable industrial conditions.

What is the innovation? OR What is the outcome?

The deliverable introduces two surface-modification Jetal orde surface
platforms that upgrade conventional ceramic NF

membranes into more selective and tunable systems.
FunMem enhances membrane selectivity through robust
covalent grafting on the TiO, surface, improving rejection of
low-molecular-weight organics while maintaining a stable
flux.

HYMEM advances this concept further by growing polymer
brushes inside the ceramic pores, creating a hybrid
organic—inorganic membrane in which separation is
governed not only by size exclusion, but also by controlled
chemical interactions. Together, these innovations deliver improved small-molecule retention, stable
operation under harsh industrial conditions, and strong potential for pilot-scale implementation
within R3VOLUTION.

Contact for further information:
Sara Salvador Cob (VITO): sara.salvadorcob@vito.be ‘ Vlto
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