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The transport properties of gaseous or vapor penetrants in glassy polymer systems are analyzed following a fundamental and simple approach based on general thermodynamic theory for glassy phases. This study aims at the description of the permeability behaviors of various probes with respect to penetrant upstream pressure and or temperature.
The model utilizes a the fundamental expression for the diffusive flux given as the product of a purely kinetic factor, the mobility, and a thermodynamic factor, which in turn is related to the dependence of the penetrant chemical potential on its concentration within the glassy polymer system. The penetrant solubility as well as the thermodynamic factor are provided by the nonequilibrium thermodynamics for glassy polymers, NET-GP (and the nonequilibrium lattice fluid - NELF - in particular), which represents accurately the thermodynamic behavior of polymer/penetrant systems at the different T and p conditions, in a predictive fashion. Conversely, a simple exponential function of penetrant concentration is used for the mobility coefficient, thus introducing the only two adjustable parameters entering this model, i.e.: the penetrant mobility at infinite dilution and the plasticization factor, namely the coefficient that characterizes the dependence of mobility on the concentration.
The model provides a simple and effective expression for the description of penetrant permeability in glassy polymer membranes, using only two adjustable parameters. The model describes accurately all the types of permeability dependence on penetrant pressure, which may be either constant, decreasing or increasing with pressure itself. Furthermore, the model is able also to represents accurately the  non-monotonous behaviors observed in the presence of plasticization effects.
Remarkably, the same transport model can also provide the diffusion time-lag in transient permeation experiments, either with or without the occurrence of plasticization. 
The model has been applied successfully to describe gas transport in many different glassy polymers, considering as penetrants CO2, light gases (CH4, N2, Ar or He), as well as heavier hydrocarbons or solvents, which can show very different behaviors for the permeability – pressure relationship.

Interestingly, the model provides, for the case of highly swelling probes (e.g. CO2), a simple and straightforward procedure for the determination of both plasticization pressure and the corresponding permeability value, based only on low pressure transport data. The mechanism of plasticization of the polymer matrix is thus effectively described based on simple and fundamental concepts (thermodynamic factor and mobility), pointing out the factors which originate such phenomenon.

