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On Friday March 19th Sander Reijerkerk will defend his PhD thesis entitled “Polyether based block copolymer membranes for CO2 separation”. The defense will be held in the new location, WAAIER 4, at the campus of the University of Twente and will start at 16:45. At 16:30, prior to the defense, a short introduction to the contents of the thesis will be given. This work has been part of the European project “Nanomembranes against Global Warming”, acronym NanoGLOWA (http://www.nanoglowa.com), which is a large European project, dedicated to the development of optimal nanostructured membranes and installations for CO2 capture from powerplants. An abstract of the work can be found below.
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Abstract

The work described in this thesis is dedicated to the development of polymeric membrane materials for the capture of CO2, and in particular to the separation of CO2 from nitrogen as required in a post-combustion capture configuration for the separation of CO2 from flue gases. An attractive group of materials for this separation are multi-block copolymers containing polyether based soft segments, as they combine a reasonably high CO2 permeability with a sufficiently high CO2/N2 selectivity. Examples of such polymeric membrane materials are the well-known, commercially available, block copolymer families PEBAX® and PolyActive®. Their practical use is nonetheless limited as obtained gas permeabilities are too low for an economically viable process. In this thesis two different design strategies to tune and significantly increase the performance of polyether based multi-block copolymer membranes have been developed and the gas separation performance of these membranes in a wide range of conditions has been studied.
The first strategy is based on the synthesis of novel poly(ethylene oxide) (PEO) based block copolymers. The research focused on the improvement of the microdomain morphology of block copolymer systems by tailoring its specific design. This is essential as the microdomain morphology of commercially available block copolymer systems (such as the PEBAX® family) is very complex (up to 5 different phases exist) counteracting efficient gas permeation.

The second strategy focused on the improvement of the gas permeability of commercially available block copolymers, in particular the PEO based block copolymer PEBAX®1657, by the addition of smart polymeric additives. In this way so-called ‘blend membranes’ are obtained. In the current work an additive based on poly(dimethyl siloxane) (PDMS) and PEO has been used. The PDMS provided the blend membranes a very high permeability, while the PEO ensured a good compatibility of the blend components and a high selectivity.

In summary, both design strategies led to up to a 5-fold increase in CO2 permeability while maintaining reasonably high selectivities. As such, these strategies bring membrane technology for CO2 capture applications close to economic viability.

Figure 1:
Morphology of a block copolymer as developed by strategy 1 as determined by AFM (1x1 μm).

Figure 2: 
Robesonplot depicting the improvements made in membrane performance by strategy 1 and 2.

