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Abstract 

Water separation by hydrophilic membranes has gained importance in the scientific and industrial 

community. This work aims to explore experimentally the efficiency of developed water permselective 

SOD zeolite membrane for CO2 hydrogenation towards MeOH and DME at low and high pressures in 

fixed-bed catalytic membrane reactors. Highly water selective membranes able to separate water in-situ 

in the reaction conditions were prepared based on a new mechanical pore-plugging technique and their 

efficiency investigated in the catalytic membrane reactor. A chemical reaction model for fixed-bed 

membrane reactor was developed and used to evaluate the process performance and the results were 

compared to experimental data. Membranes obtained under optimized synthesis conditions presented 

good water selectivity in the reaction conditions even at low water partial pressure and showed high 

potential to improve the efficiency of MeOH and DME synthesis by CO2 hydrogenation. 
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Introduction

Carbon dioxide (CO2) conversion into valuable products 

like methanol (MeOH) and dimethyl ether (DME) is an 

interesting way of CO2 valorization by chemical 

conversion (Centi and Perathoner, 2009). However, the 

application of the conventional process is not yet 

industrially acceptable due to the low CO2 conversion and 

products yield and selectivity that can be obtained.  

In the last years, water separation by hydrophilic 

membranes has gained great importance in the scientific 

and industrial community. Hydrophilic membranes can be 

used for selective water pervaporation from liquid mixtures 

or dehydration of organic compounds and these processes 

can positively replace distillation due to lower energy 

requirement (Huang et Shao, 2007; Wee et al., 2008). 

Furthermore, when water is produced in various chemical 

reactions as a by-product, its separation by hydrophilic 

membranes from the reaction media can displace the 

equilibrium and overcome thermodynamic limitations. As 

example, the selective removal of H2O during the 

syntheses of MeOH or DME (from MeOH dehydration) by 

CO2 hydrogenation by means of a membrane separation 

process would displace the equilibriums to enhance CO2 

conversion, improve MeOH and DME productivity and 

prevent catalyst deactivation. Our recent numerical 

assessment on the potential of in-situ H2O removal during 

DME synthesis in a fixed-bed membrane reactor showed 

that methanol and DME yield and selectivity are favored 

by the increase of H2O membrane permeance and H2O 

removal (Iliuta et al., 2010).  

Highly water selective membranes able to separate water 

in-situ in the reaction conditions (high temperature, 

pressure and the presence of multicomponent mixtures 

containing H2O, H2, CO, CO2, MeOH, DME) are 

undoubtedly the main key in both MeOH and DME 

synthesis processes. Zeolite membranes appear to offer 

great potential for this application in reason of their 



  

 

molecular sieving properties, uniform pore size 

distribution and wide range of hydrophilic behavior 

depending on their Si/Al ratio (Sato et al., 2007). 

Furthermore, it is known that they have higher thermal 

resistance and mechanical strength than polymeric 

membranes and provide higher separation factors than 

ceramic ones (Rhode et al., 2008). 

This work aims to explore experimentally the efficiency of 

developed water permselective SOD zeolite membrane for 

CO2 hydrogenation towards MeOH and DME at low and 

high pressures using a fixed-bed catalytic membrane 

reactor. A chemical reaction model for fixed-bed 

membrane reactor was also developed and used to evaluate 

the process performance and the results were compared to 

experimental data. 

Experimental 

Highly hydrophilic sodalite (SOD, Si/Al ratio of 1) 

membranes were prepared based on a new mechanical 

pore-plugging technique. This process involved the 

insertion of specific sized seeds within the pores of an 

asymmetric host support followed by their growth by 

hydrothermal synthesis steps. To obtain membranes with 

high water selectivity and flux, several parameters were 

investigated, including composition of the precursor 

solutions (nature and ratio of the reactants to get clear 

solutions), hydrothermal synthesis conditions, mean pore 

size and nature of the support top-layer and membrane 

post-treatments. Zeolite seeds and/or synthesized 

membranes were characterized by X-ray diffraction 

(XRD), scanning electron microscopies (SEM), gas 

permeation and permporosimetry where hydrogen 

permeance was evaluated as a function of water P/Po up to 

523K. The catalytic reaction was performed in a fixed-bed 

membrane reactor fed with corresponding catalysts, at 

temperature and pressure of 463-523K and 1-50 bars, 

respectively, and outlet composition was determined using 

a TCD/FID chromatograph.  

Modeling 

A two-scale, isothermal, unsteady-state model was 

developed on the basis of our previously work (Iliuta et al., 

2010) and used to evaluate the performance of MeOH and 

DME synthesis reactors. 

Results 

The results revealed that membranes obtained under 

optimized synthesis conditions have good H2O/H2 

selectivity at high temperatures even for low water P/Po 

ratios, indicating appropriate properties for application in 

the catalytic membrane reactors for CO2 conversion into 

MeOH and DME.  

The catalytic reactions were performed at low and 

high CO2 concentrations in the feed (CO2/CO/H2). At low 

CO2 conditions, the efficiency of the processes does not 

increase significantly as the amount of water removed by 

the membranes from the reaction media is low. The 

increase in MeOH and DME yields becomes more 

important with the increase of CO2 concentration in the 

feed due to the larger amount of water produced, followed 

by a larger amount of water removed by the hydrophilic 

membranes from the reaction media. At high CO2 content, 

the reverse water gas shift (RWGS) process is favored, 

which leads to the production of a large amount of water in 

the reaction system. In-situ H2O removal from the reaction 

media promotes the RWGS and enhances therefore the 

CO2 conversion. Moreover, when H2O is eliminated from 

the reaction media, it was shown that MeOH and DME 

yields are improved at higher H2/COx ratios. 

Conclusions 

Membranes obtained under optimized synthesis 

conditions presented good H2O/H2 selectivity in the 

reaction conditions even for low water P/Po and showed 

high potential to improve industrially the efficiency of 

MeOH and DME synthesis by CO2 hydrogenation.  
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