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  Abstract : Ultra-pure hydrogen can be obtained through the use of water 
electrolysers with dense metal cathodes. In this chapter, the theory of 
hydrogen evolution over Pd-based cathodes and its permeation through 
dense metal walls is introduced, and the Damk ö hler − Pecl è t analysis for 
these membrane reactors is described. Optimization of the electrolysis 
process is considered, based on the relationship of  DaPe  number with 
the cell overpotential and the apparent activation energy of permeation. 
Literature studies on hollow cathode water electrolysers are discussed, 
as are new prototypes using thin-wall Pd–Ag permeator tubes, and the 
effi cient operation of cell effi ciency and surface activation/deactivation 
phenomena. The main applications of cells with Pd-based hollow cathodes 
are the production of ultra-pure hydrogen at high pressure for small scale 
laboratory electrolysers and the treatment of tritiated water. The results 
of tests on prototypes are examined in detail, and attention is given to 
future trends in material development. 

  Key words : palladium membranes, thin-wall Pd–Ag tubes, hydrogen 
permeation, Damk ö hler − Pecl è t analysis, alkaline electrolysers. 

    16.1     Introduction 

 Hydrogen is widely considered to be a vector for clean energy. In fact, 
hydrogen is not naturally available, though it can be obtained from renew-
able sources. If hydrogen is ‘burnt’ to produce energy then water is the only 
by-product, and so no greenhouse gases are emitted.  1   –   5   Most hydrogen is 
currently produced by reforming methane, which produces signifi cant quan-
tities of CO 2 .  6   –   8   Recent studies have considered the use of biomass feed-
stocks such as bio-ethanol for producing hydrogen via reforming. In these 
processes, the release of CO 2  into the environment can be greatly reduced, 
and the entire cycle could be considered at least CO 2 -neutral.  9   –   11   Due to 
its high cost, only small amounts of hydrogen are produced via electroly-
sis of water, the subject of this chapter. However, electrolysis can be useful 
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