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A B S T R AC T

Special nanoporous fi llers for enhancing the gas separation performance of mixed matrix mem-
branes (MMMs) are addressed in this work. The incorporation of small amounts of ordered 
mesoporous silica spheres (MSS) or exfoliated layered microporous titanosilicate UZAR-S1 
(obtained from layered material JDF-L1) into a commercial polysulfone (PSF) membrane matrix 
was successfully carried out. The obtained results in terms of the separation of H2/CH4 and 
CO2/N2 mixtures were compared to those achieved with special fi llers in the literature, such as 
mesoporous molecular sieves, lamellar zeolites and metal-organic frameworks. 8 wt.% MSS–
PSF MMMs gave rise to H2/CH4 and CO2/N2 selectivities of 79.2 and 36.0 with H2 and CO2 
permeabilities of 26.5 and 12.6 Barrer, respectively. 4 wt.% UZAR-S1-PSF MMM gave rise to 
H2/CH4 selectivity of 69.2 with H2 permeability of 11.5 Barrer.
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1. Introduction

Membranes are widely used in chemical industry 
and medical applications as barriers to separate different 
species. Depending on the driving force and the effective 
size of the penetrating substances, different processes 
such as gas separation (GS), pervaporation (PV), dialysis 
(D), nanofi ltration (NF), reverse osmosis (RO), etc., can 
be established. Over the past few years GS processes 
with membranes have shown an important increase and 
their evolution will be briefl y discussed. Attending their 
nature, membranes can be classifi ed into organic/poly-
meric and inorganic membranes. Polymer membranes 
show some advantages over inorganic membranes; 
their ease of fabrication and operation and their low 
cost make them really attractive. However, they cannot 
operate at severe conditions of pH and temperature and 

their selectivity values are limited. Hybrid membranes 
formed by selective inorganic materials dispersed into 
polymer continuous matrix were proposed as a feasible 
option to improve the performance. These composites 
were named “mixed matrix membranes” (MMMs).

Inorganic materials such as carbon molecular sieves 
and zeolites have been used due to their adsorptive 
properties and nano-sized porosity which favors small 
molecules passing through. This combination is usually 
applied in PV and GS. First works on MMMs predomi-
nantly used elastomeric or rubbery polymers for GS 
with little improvement in the transport properties [1]. 
Later, research works started using glassy polymers and 
in most cases gaps between the fi llers and the organic 
matrix were created. These macrovoids were a conse-
quence of the rigidity of the polymer chains and/or the 
hydrophilicity of the inorganic fi ller and produced by-
passing effect of gas molecules, i.e., when zeolite A was, 
introduced in a polyimide Matrimid® matrix [2]. Some 
authors used silane coupling agents to favor the interac-
tion but this did not result in a signifi cant enhancement 
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