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Physical property and gas transport studies of
ultrathin polysulfone membrane from 298.15 to
328.15 K and 2 to 50 bar: atomistic molecular
simulation and empirical modelling†
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Elucidation of ultrathin polymeric membrane at the laboratory scale is complicated at diﬀerent operating
conditions due to limitation of instruments to obtain in situ measurement data of membrane physical
properties. This is essential since their eﬀects are reversible. In addition, tedious experimental work is
required to collect gas transport data at varying operating conditions. Recently, we have proposed
a validated Soft Conﬁning Methodology for Ultrathin Films that can be used to simulate ultrathin polysulfone
(PSF) membranes upon conﬁnement limited to 308.15 K and 2 bars. In industry application, these ultrathin
membranes are operated within 298.15–328.15 K and up to 50 bars. Therefore, our proposed methodology
using computational chemistry has been adapted to circumvent limitation in experimental study by
simulating ultrathin PSF membranes upon conﬁnement at diﬀerent operating temperatures (298.15 to
328.15 K) and pressures (2 to 50 bar). The eﬀect of operating parameters towards non-bonded and potential
energy, free volume, speciﬁc volume and gas transport data (e.g. solubility and diﬀusivity) for oxygen and
nitrogen of the ultrathin ﬁlms has been simulated and collected using molecular simulation. Our previous
empirical equations that have been conﬁned to thickness dependent gas transport properties have been
modiﬁed to accommodate the eﬀect of operating parameters. The empirical equations are able to provide
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a good quantitative characterization with R2 $ 0.99 consistently, and are able to be interpolated to predict
gas transport properties within the range of operating conditions. The modiﬁed empirical model can be
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utilized in process optimization studies to determine optimal membrane design for typical membrane
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speciﬁcations and operating parameters used in industrial applications.

1. Introduction
Oxygen enriched combustion has emerged as one of the most
promising combustion technologies over the past decade.1 The
greater combustion prociency through oxygen enriched air
entails minimization in emission of pollutants, typically carbon
dioxide (CO2) and carbon monoxide (CO).1 Based on a review of
existing air separation technologies, e.g. cryogenic distillation
and pressure swing absorption, it is found that there exists
a trade-oﬀ between oxygen purity and production volume with
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energy requirement and cost for plant operation. At present,
oxygen separated from membranes has been reported to be
potentially competitive for medium O2 purity (25–40%) and
small scale plants (10–25 tons per day)2 associated with
advantages of being less energy intensive, inheriting lower
capital and operating costs, and being inherently safer.3 Since
air is constituted by merely 21% of O2 and remaining N2 in
abundance, enhancement of a membrane that exhibits good
permeance and selectivity is vital to ensure good O2 recovery
and minimization of heat lost through by-products.4 In order to
be commercially viable in oxygen-enriched combustion applications, it has been reported that polymeric membranes have to
minimally exhibit an ideal O2/N2 selectivity of 3–6 and optimum
O2 permeance value.5 The excellent gas separation properties
can be achieved via fabrication of a membrane matrix with
ultrathin dimension (<1000 
A)6 to reduce transport resistance
while exhibiting satisfactory separation properties to allow
transport of O2 to the permeate while retaining N2 in the
retentate.
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