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Membrane separation of carbon dioxide is of interest in many industrial processes, and the demands to 

reduce carbon dioxide emissions to the environment are further increasing the number of possible novel 
applications. For some applications, such as for reduction of the COx content of synthesis gas generated from 
biomass, the selective removal of carbon dioxide through a membrane is desired. In other applications, 
carbon dioxide is preferably rejected by the membrane. Examples are the selective removal of methanol and 
water from synthesis gas to overcome equilibrium limitations in the methanol synthesis process [1], or the 
selective removal of water from synthesis gas to increase catalyst lifetime in the Fischer-Tropsch process [2]. 
Different applications hence demand membranes with quite different carbon dioxide transport properties. 
Furthermore, the mentioned applications demand membrane selectivity in the presence of strongly adsorbing 
compounds such as water, alcohols and hydrocarbons.  

The effect of water on carbon dioxide permeance in zeolite membranes has been reported previously [3, 
4, 5] and some simple models to explain the influence of water has been suggested. Our group suggested the 
term “sorption enhanced separation” [4] to describe the positive effect of water on carbon dioxide/hydrogen 
separation in MFI membranes. Caro et al. [6] suggested that the water in the zeolite pores may be considered 
as a “water film”. However, the water molecules in the pores of a zeolite membrane are most likely highly 
affected by the zeolite structure. Hence, the properties of adsorbed water molecules are likely not identical to 
the properties of bulk liquid water and the term “water film” may be misleading. 

Our group has reported carbon dioxide permeances for a number of feed mixtures and membranes [4, 7, 
8]. The aim of this work is to achieve an increased understanding of carbon dioxide transport in zeolite 
membranes in the presence of other strongly adsorbing components by comparing previous [4, 7, 8] and  new 
data on carbon dioxide transport in zeolite membranes. 

Three types of zeolite films viz. 0.5 μm Na-ZSM-5, Si/Al=139 [7, 9], 0.5 μm Na-ZSM-5, Si/Al=65 [7] 
and 1 μm Na-X, Si/Al=1.2 [8] were grown on alumina supports. The membranes are here denoted ZSM-5 
(139), ZSM-5 (65) and zeolite X (1.2), respectively. The separation performances of the membranes were 
evaluated at atmospheric pressure using three feed mixtures: feed 1 consisting of 50.5 kPa carbon dioxide 
and 50.5 kPa hydrogen, feed 2 consisting of 49.6 kPa carbon dioxide, 49.6 kPa hydrogen and 2.1 kPa water 
and feed 3 consisting of 10 kPa carbon dioxide, 40 kPa hydrogen 0.6 kPa water, 5.8 kPa methanol and 44.6 
kPa helium. 

The observed carbon dioxide permeances for feed 1 was 19, 17 and 16·10-7 mol m-2 s-1 Pa-1 for ZSM-5 
(139) [4], ZSM-5 (65) [4] and zeolite X (1.2) membranes, respectively. Hence, for this feed composition, the 
permeance is very similar for the three membrane types.  

Carbon dioxide permeances in the presence of water (feed 2) for the three membrane types are illustrated 
in Figure 1a. For the MFI membranes, the carbon dioxide permeance is only slightly lower than for the dry 
feed mixture (feed 1). For membrane zeolite X (1.2), the carbon dioxide permeance is however blocked 
almost completely at room temperature when water is present in the feed. Hence adsorbed water is not 
affecting carbon dioxide permeance substantially in the MFI membranes, while adsorbed water is blocking 
the carbon dioxide permeance almost completely in membrane zeolite X (1.2) at room temperature. This 
clearly shows that the pore blocking effect of water in zeolite is dependent on the properties of the zeolite 
framework. The low carbon dioxide permeance observed for membrane zeolite X (1.2) in the presence of 
water can be explained by a large reduction of carbon dioxide adsorption in zeolite X in the presence of 
water, as reported by Brandani et al. [10]. A proposed mechanism is that adsorption of water on the cations 
results in a reduction of the strength and heterogeneity of the electric field in the zeolite, which in turn 
reduces the adsorption of carbon dioxide substantially [10]. Since surface diffusion is the dominating carbon 
dioxide transport mechanism in zeolite X at low temperatures [11], decreased adsorption leads to decreased 
permeance. The same reduction of carbon dioxide transport in the presence of water is not observed for the 
MFI membranes, either because of a weaker adsorption of water in the less hydrophilic MFI membranes or 
because adsorbed water is not affecting the electric field as much in the less polar MFI structure. On the 
contrary, adsorbed water in the MFI pores might increase the polarity of the membrane, which results in 
maintained carbon dioxide transport through the membrane although the water molecules occupy some space 
and adsorption sites in the pores.  
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In Figure 1b, carbon dioxide permeance in the presence of both methanol and water (feed 3) is shown. 
For this feed mixture, the carbon dioxide transport at room temperature is reduced significantly by methanol 
feed 3 (about a factor three larger than the partial pressure of water in feed 2) .The somewhat larger methanol 
molecules might  also block MFI pores more effectively for carbon dioxide transport than water molecules.  

The carbon dioxide permeance using feed 3 is significantly lower for membrane zeolite X (1.2) than for 
the MFI membranes, and the complete pore blocking also remains at higher temperatures for the zeolite X 
membrane. The more extensive pore blocking in zeolite X is probably because of stronger adsorption of 
methanol in this membrane and/or that the methanol loading is higher in zeolite X compared to in ZSM-5 
[12]. The strong methanol adsorption and high loading in zeolite X is in turn likely caused by the larger 
concentration of sodium ions. Zeolite X adsorbs about one methanol molecule per sodium ion, while ZSM-5 
adsorbs several methanol molecules per sodium ion weakly [12]. Furthermore, the lattice oxygens are more 
basic in the zeolite X membrane than in the MFI membranes. As a result, hydrogen bonding of the methanol 
hydrogen atoms with the lattice oxygen atoms occurs in the zeolite X membrane, in addition to the bond 
between the alcohol oxygen and the sodium ion [12]. 

 Many applications of zeolite membranes are performed at pressures higher than atmospheric. A higher 
pressure favours adsorption, and hence the observed pore blocking effects would likely occur also at higher 
temperatures when the total pressure is higher. An MFI membrane is therefore more preferable than a zeolite 
X membrane when carbon dioxide transport in the presence of water at adsorbing conditions is requested, 
such as for removal of carbon dioxide from synthesis gas. On the other hand, when carbon dioxide transport 
through the membrane is unwanted, such as in the Fischer-Tropsch process, a zeolite X membrane could be a 
better choice. In the presence of methanol, carbon dioxide permeance is blocked at adsorbing conditions in 
both MFI and zeolite X membranes, but the blocking is more effective, especially at higher temperatures, for 
zeolite X membranes. 
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Figure 1. a. Carbon dioxide permeance in  the presence of water (feed 2) , b. Carbon dioxide permeance 
in the presence of methanol and water (feed 3). 


