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Computational modelling and simulation form a consolidated branch in the multidisciplinary
field of membrane science and technology [1–4], covering a wide range of disciplines from chemistry,
physics and materials science, to chemical engineering and process technology. This Special Issue
aims to cover all the aspects of computer-aided investigations: from molecular modelling to assess the
properties of the materials at the atomic scale, to fluid dynamics to investigate the membrane module
performances, to novel characterization and data elaboration methods.

In this issue, Petrosino et al. [5] used a double-scale computational approach, based on quantum
and molecular mechanics, to focus on the noncovalent interactions involved in the adsorption of
enzymes on polymeric membrane surfaces. They investigate the surface charges of the enzyme and
membrane at the sub-nano- and nano-scale, while a larger molecular mechanics model is used to study
the surface protein interactions, and hence the adsorption. The potential energy profile of the enzyme
shows good agreement with the experimental data. Such knowledge of the potential energy landscape
is important for subsequent simulations. One of their main findings is the enzyme’s orientation analysis
as a function of its distance from the surface. This analysis is the first step to investigate the kinetics of
immobilized enzymes. Finally, the quantities, computed without resorting to adjustable parameters,
can be used as inputs in meso- or macroscale modeling.

Keshin and Altinkaya [6] review the atomic–molecular modelling used to predict several properties
of mixed matrix membranes (MMMs) based on metal organic frameworks (MOFs) as the filler.
They discuss the models that allow the screening of MOF/polymer compatibility as well as their
combination to increase their transport properties for gas separation applications. In particular, they
pointed out that the used force fields should be validated for the in-silico synthesis of novel materials
and their transport properties’ characterization.

Mazo et al. [7] use molecular dynamics to compare four glassy polymers, two with low permeability
and high selectivity, the other two being highly permeable but with low selectivity. Their analysis of
the relationship between molecular structures and their gas transport properties shows that the precise
correlation between the latter depends on the free volume and free volume distribution. They also
highlight the chemical nature of the groups forming the surface of free volume elements, identifying
fluorine atoms as the dominant species.

Molecular dynamics simulations are also applied by Karataraki et al. [8] in their investigations
on the interaction of water with conically shaped carbon nanoparticles. To increase the insight into
the membrane-assisted separation processes in the liquid phase, their studies focus on the properties
of the hydration shell of nanoparticles and on the behavior of water molecules in a nano-confined
environment, a crucial aspect for the separation performances of membranes [9,10]. Thus, this work
will help in the understanding of the extraordinary efficiency of biological porins [11,12].

Macroscopic computational approaches are used by Valdés et al. [13], who study fluid dynamics
to investigate the behavior of supercritical CO2 in hollow fiber membrane modules used as contactors.
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The investigation of the 3D profiles describing the hydrodynamics of the supercritical fluid highlights
the critical points in the process, providing useful information to anticipate potential technical issues,
and helping with the future exploitation of this technology. Interestingly they show an inverse
correlation between the number of fibers and the irregularity of the flow.

Also at the macroscopic scale, a combination of fluid dynamics and mechanical simulations
is applied by Battaglia et al. [14] to investigate the effect of the transmembrane pressure in
electro-membrane processes using round pillar type-profiled membranes. This study shows that the
pressure that arises between the solutions flowing in alternate channels causes a slight deformation
of the membrane, which may affect its mass transport properties. Thus, their computational work
investigates these aspects for a better understanding of the membrane behaviour that normally remains
hidden for the eye.

At a different level, computational tools are also used by Fuoco et al. [15] for a better comparison
of the experimental data with theoretical transport models. For instance, they discuss two different
methods for the analysis of the transient and pseudo-steady state gas transport in dense polymeric
or mixed matrix membranes. They show some of the limits of the traditional time lag method in the
description of complex systems such as mixed matrix membranes, and demonstrate how the fit of the
entire permeation curve gives information on anomalies in the gas transport. In combination with a
specially designed permeation instrument, this evaluation method provides even accurate mixed gas
diffusion coefficients data, which are so far almost inaccessible.

In conclusion, the papers in this Special Issue illustrate how computational approaches, different
in the “time–space scale”, can be used at several levels in the field of membrane science and engineering.
It shows how a more extensive use of computer-aided approaches contributes not only to strengthening
the fundamental research in this field, but it also helps a more successful exploitation of membrane
technology in industrial applications.

Finally, we are really grateful to all the authors for their valuable contributions and to the
reviewers for their critical remarks and suggestions, which boosted the quality of the herein published
scientific works.
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