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Graphical Abstract 

The transport of CO2 through a membrane is facilitated by combining solution-diffusion and fixed 

carriers in the polymeric membrane (illustrated in figure and flux equation below). 
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Abstract 

Polymeric materials have played an increasingly important role in process industry. The membrane 

technology has developed over more than 50 years from basic research to invention of sophisticated 

materials which can be tailored for efficient separation of almost any components in a gas mix. This 

has resulted in demonstration of membrane modules set up at various types of industrial plants where 

new clean separation technology may replace traditional unit operations using chemicals or expensive 

cooling units. The challenge is basically that (polymeric) membrane materials must be tailored for 

achieve optimum separation properties for a given gas mixture. Thus, basic material research goes 

hand-in-hand with process engineering towards a greener future. The focus for membrane material 

development today is the valuable contributions this research will have in the fight against the release 

of climate gases to the atmosphere and likewise for promotion of new green energy sources like biogas 

and hydrogen for fuel. 

 In our research group Memfo at NTNU, much of the focus has been on the development of 

facilitated transport membranes for CO2 capture from various flue gas streams, upgrading of biogas 

and hydrogen as a energy carrier.  A few of the highlights from this research will be highlighted in the 

presentation. 

 The inspiration is for much of this membrane material development has been, and still is, how 

membranes work in nature. By studying how our lungs work to separate out the CO2 when we are 
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 breathing, we were able to mimic the breathing process and optimize a polyvinylamine material for 

CO2 capture from the flue gas at coal fired power plants or any industrial plant releasing large volumes 

of CO2, for instance cement plants. Continuous testing and development over many years, has been 

necessary to document how this functional material can tolerate various process conditions and 

potential harmful components in a flue gas stream. Along with this development, and in collaboration 

with Prof. Spontak and the research institute SINTEF, we also focused on alternative innovative hybrid 

materials such as using modified POSS® nanoparticles embedded in a polymer. 

 As in all membrane research measurements of separation properties such as measurements of 

permeance (especially for CO2), selectivity (CO2/N2) and durability towards harmful components 

(Sox, NOx) were documented, along with instrumental characterization of the materials such SEM, 

FTIR, XRD, TGA and DSC. 

 With respect to alternative energies and a green future, carbon molecular sieve membranes 

(CMSM) were also developed and studied. These membranes have a large potential for separation 

related to biogas and natural gas, and separating out H2 from a gas stream. 

 

Keywords: Facilitated transport membranes; CO2-capture; carbon membranes; membranes for Green 

Technology. 
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