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Concentration polarization present in any membrane separation affects the system 

performance depending on the membrane permeance, i.e., a higher permeance leads to a 

higher polarization. Hydrogen transport in Pd-based supported membranes was described by 

means of a model [1] considering several elementary steps of the permeation process, 

improving what done by Ward and Dao for self-supported membranes. The model includes 

the external mass transfer in the multicomponent gaseous phases on both membrane sides, 

described by the Stefan-Maxwell equations. The transport of the multicomponent mixture in 

the multilayered porous support was also considered and described by means of the Dusty 

Gas Model, which takes into account Knudsen, Poiseuille and ordinary diffusion. The 

diffusion in the Pd-alloy layer is modeled by taking the hydrogen chemical potential as the 

driving force of the diffusion in the metallic bulk. The interfacial phenomena (adsorption, 

desorption, transition from Pd-based surface to Pd-based bulk and vice-versa) were described 

by the same expressions used by Ward and Dao. The model separates the permeation steps 

and consequently their influence, quantifying the relative resistances offered by each of them. 

Comparison with some experimental literature data shows a good agreement. The developed 

tool is able to describe hydrogen transport through a supported Pd-based membrane, 

recognizing the rate determining steps (e.g., diffusion in the metallic bulk or in the porous 

support) involved in the permeation. 

The concentration polarization coefficient was evaluated by an opportune coefficient[2] 

expressed as a function of the ratio of the flux calculated by means of this new validated 

complex model and the one obtained by the Sieverts' law utilizing the bulk driving force and 

hydrogen permeance. It was evaluated as a function of several operating conditions: up-

stream hydrogen molar fraction ([0...1]), total pressure of upstream ([200,...,1000] kPa), total 

pressure of down-stream ([100,...,800] kPa), temperature ([300,...,500]°C), membrane 

thickness ([1,...,150] μm), permeance ([0.1,...,20] mmol m
-2

 s
-1

 Pa
-0.5

) and upstream fluid-

dynamic conditions (Reynolds' number). 

The analysis shows that the polarization effect can be relevant not only when using very thin 

membranes (1 - 5 μm ca.), but also when thicker ones (100 μm ca.) are operated in specific 

conditions. The so-called "polarization maps", on which the influence of concentration 

polarization can be evaluated quantitatively in different conditions, provide concentration 

polarization coefficient in several operating conditions. 
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Model based on a 

multicomponent approach

Model based on a 

multicomponent approach
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Mathematical details of the modelMathematical details of the model
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Each step is modelled by 

its own equations, which 

provide the value of the 

overall permeating flux

as well as the H2 profile 

through the membrane
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