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ydrogen cross-permeation across dense Pd-based

metallic membranes is a process of great practical
interest for hydrogen purification but also for hydrogen
compression. Hydrogen selective permeation across such
membranes follows a multi-step reaction mechanism that
involves surface steps (H, dissociation into H ad-atoms
on the upstream side and H ad-atoms recombination
into H, on the downstream side) as well as the diffusion-
controlled transport of H ad-atoms in bulk regions. Each
of these elementary steps can be rate-determining,
depending on membrane characteristics (composition,
thickness, microstructure), operating conditions and
boundary conditions. Hence, the optimization of the
hydrogen permeation kinetics first requires to separately
measure surface and bulk rate constants associated
to these individual steps. Gas-phase impedance
spectroscopy (also called pneumato-chemical impedance
spectroscopy or PIS) is a rather simple but nonetheless
powerful technique that can be used for that purpose.
Basic principles were introduced in 2005. PIS analysis can
be viewed as the direct transposition of the well-known
electrochemical impedance spectroscopy (EIS) to solid-
gas reactions. Based on an analogy between pressure
and electrical potential on one hand, cross-permeating
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gas flow and electric current on the other hand, gas-
phase transfer functions (PIS-impedance) are obtained by
taking the ratio of the Fourier transforms of any pressure/
H, mass flow signal pairs. So far, PIS analysis has been
used to analyze the dynamics of solid-gas interactions
in several systems such as gas (H,) storage in metal-
hydride-forming materials, gas (H,) permeation across
metallic membranes and H,/O, fuel cells. Experiments
are usually easy to implement, using conventional
Sievert's-type setups. The technique is appropriate to
investigate non-linear systems such as those showing
strong hysteresis. The purpose of this communication
is to provide a detailed description of the technique and
to present recent advances in the characterization and
optimization of dense metallic membranes (with both
planar and cylindrical geometries), especially those used
for operation in transient conditions of flow.
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