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increased the permeability of hydrogen, nitrogen and car-
bon dioxide gases and the hydrogen over nitrogen selectiv-
ity, simultaneously and shifted above the Robeson’s upper 
bound line-2008. The results showed that the nanocompos-
ite membrane containing 8 wt % of α-alumina led to a con-
siderable and simultaneous increase in the permeability of 
hydrogen (up to 8 times at pressure of 4 bar) and the selec-
tivity of hydrogen over nitrogen (up to 2.4 times at pressure 
of 4 bar) in comparison to the neat polyethersulfone mem-
branes. The pressure dependence of the gas permeability of 
the membranes was also investigated and based on selectiv-
ity versus permeability charts, the appropriate morphology 
of the nanocomposite membrane was suggested. Overall, 
the capability of α-alumina as an inorganic filler for hydro-
gen separation application has been shown.
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Introduction

Polymeric membranes have been widely applied to gas 
separation owing to their low price, operational simplic-
ity, intrinsic modularity, flexibility, economical process and 
high energy efficiency [1–3]. The most important proper-
ties that are taken into account when selecting a polymer 
membrane material are (1) gas permeability and selectivity, 
(2) mechanical strength, (3) glass transition temperature, 
(4) critical pressure of plasticization, (5) availability, pro-
cess ability and (6) cost [4]. Generally, for certain separa-
tion needs, the higher the permeability of the membrane 
used, the smaller the membrane area is required. The higher 
selectivity means the lower driving force. Therefore, for 
economical consideration, the permeability and selectivity 

Abstract In this study, polyethersulfone (PES)-based 
nanocomposite membranes with the incorporation of inor-
ganic filler of α-alumina were prepared via thermal phase 
inversion method. The fabricated flat sheet-mixed matrix 
membranes were characterized using X-ray diffraction, 
thermal gravimetric analysis, differential scanning calo-
rimetry, scanning electron microscopy, and atomic force 
microscope analysis, and the permeation tests were per-
formed for hydrogen, nitrogen and carbon dioxide. Also 
prepared α-alumina particles were identified by X-ray dif-
fraction and the surface area, total pore volume and average 
pore diameter of particles were measured with a high-speed 
gas-sorption analyzer. The distribution and dispersion of 
α-alumina particles suspended in the polymer matrix were 
uniform and the surface roughness of the nanocompos-
ite membranes was obviously lower than that of the pure 
membranes. The thermal analysis indicated that the glass 
transition temperature of the mixed matrix membranes was 
around 221.23 °C and the initial degradation temperature 
was up to 433 °C in air. The nanocomposite membranes 
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