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Nanocomposite membranes, obtained by dispersing solid particles within a polymeric matrix, are referred to as
mixed-matrix membranes (MMMSs) and are potentially capable to exceed the trade-off restrictions between
membrane permeability and selectivity, that is an intrinsic trait for polymeric membranes applied to gas separation.
Making the most appropriate combination of filler and polymer is an exciting challenge for materials scientists.
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| 1. Introduction

WVarious studies showed a good compatibility of the polymers belonging to “Pebax family” with a huge number of
fillers for the preparation of nanocomposite membranes to be used in CO, separation. These researches were

reviewed in 2018 by Kardani et al. [4 and in 2022 by Bernardo and Clarizia.

Pebax as host matrix takes advantages of a combined flexibility and mechanical resistance for the presence of
Polyether and Polyamide units: the prevalence of one feature on the other depends on the relative amount of them.
In addition, these polymers present intrinsic gas transport properties of interest for the separation of gaseous
mixture containing CO, 81,

Therefore, several promising fillers, capable of enhancing the structural and gas transport properties of the
polymers establishing specific interactions with gas molecules, can be favorably incorporated within the host
matrix. They include inorganic particlest], carbon materials BIBIIIEIGN zeolitesl2U12], An emerging trend is
represented by 2D nanoparticles 311411151 Other additives were recently explored to improve the separation
performance of the Pebax matrix(827],

| 2. Fillers

An overview of the main filler types incorporated in Pebax polymers is reported in Figure 1. Particle type, size,
shape and loading are the main factors that influence the MMM performance.

https://encyclopedia.pub/entry/18551 1/6



Mixed-Matrix Membranes for Gas Separation | Encyclopedia.pub

Figure 1. Filler typology used to prepare MMMs based on Pebax polymers!2€l,

Both porous and non-porous particles can be used in Pebax matrix, whereas the first ones offer additional routes to
the permeating gas molecules, according to the opening size of their channels. On the other hand, the blocking of
the pores must be absolutely avoided to maintain their greater effectiveness. Also surface and sorption properties
suffer from this drawback.

In the field of porous fillers, for those having a high aspect ratio, their orientation plays a fundamental role.
Significantly different transport rates are observed depending on whether the particles are arranged parallel or
perpendicular to the membrane surfacel2<.

Generally, the presence of fillers imparts greater mechanical strength to the polymeric film, reducing its flexibility.

An increasing loading, typically, produces a progressive permeation rate/performance enhancement, before
achieving agglomeration or sticking phenomena, at high filler content, that are detrimental for selectivity target. The
maximum loading depends on the filler type.

At the same size and content, synergistic effects are observed in the case of filler combinations versus single fillers
in terms of better sorption properties and creation of selective gaps for CO,2Y,

Filler pretreatment may be necessary in order to improve the dispersion within the polymer matrix, but it is not as
stringent as in the case of glassy polymers. However, alternatively, appropriate physical linkages or specific
chemical bonds facilitate the compatibility between the heterogeneous phases, improving the dispersion of the
individual fillers and preventing particle agglomeration, but also modifying favorably the original polymer crystallinity
or the free volume available for the gas molecules, with advantages in terms of final separation performance.
Another aim of the filler functionalization is the introduction of chemical moieties for promoting the selective
transport of CO, with respect to other gases.

Specific additives, such as ionic liquids or PEGs, increase the mutual compatibility between the phases 21221, At
the same time, they can make the matrix more flexible and convey the transport of some species when they bring
appropriate functionalites(23!.
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Operation conditions affect the performance of the MMMs in a multiple way.

In a polymer matrix, as temperature increases, gas permeability rises, particularly for less permeable molecules.
Indeed, gas diffusion is an activated process favored by temperature and it represent the main factor in which the
permeability can be decoupled. The other term, the solubility, is negatively affected by the temperature, that
reduces the sorption capacity of the species in the polymer matrix. As result of this combined effect, a decay in
selectivity was observed.

The presence of the fillers can modify the behavior of the original matrix versus the gas permeation, also
depending on additional transport mechanism occurrence. Therefore, unusual increases in CO,/N, selectivity were
observed at high temperature (e.g., 65°C[24)),

For what concerns an increase of the feed pressure, it causes a “densification” of the host matrix with a reduction
of the permeation rate13l. Similar trend was observed when carrier saturation occurs, combined to a separation
factor decay [23128], Nevertheless, in the case of functionalized fillers, opposite behaviors can happen as effect of
enhancement of gas sorption properties of specific polar gases (e.g. carbon dioxide) with respect to non-polar

species (e.g. nitrogen or methane)271128],

Wet-state separations show a significantly different separation extent in comparison with the same operation
carried out in dry-state. The humidity tends to swell the polymer causing lower resistance to the passage of gas
molecules!22,

Commonly, the plasticization and swelling phenomena, occurring when CO, permeates through the polymer matrix
at moderate temperature and pressure conditions, are reduced as result of nanoparticles presence in MMMs,
expanding their field of application.
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