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A B S T R AC T

This work deals with the membrane separation of hydrogen and carbon dioxide. Permeation 
experiments of pure and binary mixtures of H2 and CO2 were performed using the constant 
pressure technique and a planar membrane made of the commercial polyimide Matrimid 5218. 
For pure gases permeability values of 23.4 Barrer for hydrogen and of 5.2 Barrer for carbon 
dioxide were obtained leading to an ideal selectivity of 4.5 at 6 bar feed pressure. In the case 
of gas mixtures, H2 permeability decreases with increasing contents of CO2, while the perme-
ability of carbon dioxide in mixtures presents similar values to pure gas permeabilities. As a 
result, the H2/CO2 selectivity obtained from mixed gas experiments decays to an average value 
of 3. The dual-sorption model with a partial permeant immobilization was used to predict 
each component permeation behavior for pure gases and binary mixtures. The carbon dioxide 
diffusion coeffi cients through the Matrimid polymer in the Henry and Langmuir mode were 
obtained, CO2

8
, 2.14 10DD    cm2/s and CO2

9
, 2.79 10HD    cm2/s. The model and the 

estimated parameters provide a reasonable agreement between experimental data and pre-
dicted permeability values with correlation coeffi cient R2 > 0.95 and mean squared relative 
error (MSRE) lower than 0.01.
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1. Introduction

The introduction of hydrogen economy requires the 
development of effi cient means to separate and retrieve 
hydrogen [1]. Today hydrogen production on a large 
scale is mostly through the steam reforming of methane, 
followed by the water gas shift reaction [2,3]. In addi-
tion, alternative and renewable resources for hydrogen 
production are proposed [4–9]. These involve biomass, 
water and carbohydrates rich, nitrogen defi cient wastes 
such as solid (cellulose, starch), agricultural and food 
wastes. In the case of water and waste, bioprocess tech-
nologies like biophotolysis and anaerobic fermentation 

are being developed. The resulting product in all cases 
is a mixture of hydrogen with carbon dioxide and other 
minor gases. In spite of their high interest, the separa-
tion of hydrogen and carbon dioxide through mem-
branes has not reached a commercial development. The 
main reason is related to the diffi culty of combining a 
high hydrogen permeability and a low permeability to 
carbon dioxide.

For hydrogen separation, three types of materials 
can be used: inorganic-metallic, inorganic nano-porous 
(silica, ceramic, carbon, zeolite, oxide, glass) and organic 
polymeric membranes [10]. The choice between them 
must take into account the H2 purity requirements for 
different applications and the temperature and pres-
sure properties of the feed gas mixture. While fuel cell 
technology requires high purity hydrogen (minimum 
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