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A B S T R AC T

CO2 removal from sour natural gas for the purpose of gas sweetening and from synthesis gas to 
obtain pure hydrogen is an important process in gas and oil refi ning industries. In this study, 
modeling of CO2 separation from natural gas and synthesize gas by zeolite membrane has been 
investigated. This model is based on adsorption–diffusion model which uses the modifi ed 
Maxwell–Stefan formulation for expression of fl uxes equations. This model is ca pable to p redict 
mixture fl uxes and mixture separation selectivity using only pure component adsorption and 
permeation experimental data. The model developed in this study is also a full coupled model 
considering correctly the kinetic and thermodynamic contribution in component fl uxes. The 
results of modeling indicated that the thermodynamic aspect has a major role to transport 
through the zeolite membranes and can not be ignored for both components, while the kinetic 
aspect has a major contribution in transport of strongly adsorbed species (CO2). Finally the 
results of fl uxes and separation selectivity estimated by the model showed a good agreement 
with experimental data.
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1. Introduction

Separation of CO2 from natural gas and synthesis 
gas is an important process because CO2 reduces energy 
content of natural gas. Development of effective separa-
tion technologies for removal of CO2 from natural gas 
is still a challenge for researchers. The technology most 
widely used for CO2 removal from natural gas is amine 
absorption, but amine plants are complex and costly [1]. 
Membrane plants using CO2-selective cellulose acetate 
membranes were installed in 1980s, and currently the 
largest membrane facility for CO2 removal is 700 million 
scfd [2]. The main problems that limit the use of poly-
meric membranes are their poor performance stability 

at high pressure and in the presence of highly sorbing 
components [3].

Microporous inorganic membranes have been 
studied for gas separation due to their superior ther-
mal, mechanical and chemical stability and high pres-
sure resistance compared to conventional polymeric 
membranes. Zeolite membranes have the potential 
to eliminate the chemical instability of polymeric 
membranes against such components. Falconer and 
co-workers [4–9] used SAPO-34 membranes to sepa-
rate CO2 and CH4 mixtures and found that the high-
est selectivity for CO2 was 270 at 253 K [9]. However, 
the CO2 selectivity and fl ux through these membranes 
were signifi cantly reduced by the presence of water 
[6] in natural gas. It can be explained knowing that 
the SAPO-34 zeolite is hydrophilic in nature and has 
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