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The equation of time-space dependence of change in the hydrogen atom concentration in palladium 

with corresponding initial and limiting conditions was mathematically obtained. The theoretical 

dependences were calculated and constructed in LabVIEW. A comparative analysis of theoretical 

and experimental dependences of the forms of changes in the palladium plate at hydrogen 

saturation has been performed. It is shown that the calculation of the concentration difference 

makes it possible to calculate the value of the membrane bending; the calculation result almost 

completely coincides with the experiment. 

Keywords: palladium-hydrogen system, palladium membrane, shape change, diffusion, 

concentration. 

 

In some countries, the development of "hydrogen" transport stimulates the 

development of hydrogen energy. Fuel cells consist of several parts: two electrodes 

and a membrane coated with platinum or palladium. 

The study was conducted on a palladium membrane of thickness (h) and length 

(l), which can be conventionally divided into several layers during hydrogen 

saturation: hydrogen saturated layers and hydrogen saturated layers (Fig. 1). 

 
Fig. 1. Sketch of a plate bend 

The results of the experiments [1-3] show that the elongation of the layers (ε) is 

proportional to the concentration (c), so the empirical form of the relation between 

the elongation of the free palladium plate and the uniform hydrogen concentration in 

palladium is valid: 

    0,068 ,  0 1с с с с            

Hydrogen elastic stress is proportional to elastic strain. 

 ( )    ( ) ,mx E c x c     

where E is the Young's modulus for palladium. 
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The strain stresses in the membrane when the concentration is inhomogeneous 

are redistributed, and the nature of the redistribution depends on the diffusion 

process: 
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Tc – ritical temperature for hydrogen in palladium, 

D0 – true diffusion coefficient; 

M – mobility of hydrogen atoms, independent of concentration. 

The estimation of the membrane bending arrow "y" is possible by the following 

expression [3]: 
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 where R is the radius of curvature of the membrane; 

с𝑚(𝑡) –  verage concentration of hydrogen in the plate; 

с𝑠(𝑡) – urface concentration of hydrogen in the plate. 

Numerical calculation of the dependence  cs(t) − cm(t)  a𝑡  р = 0.25,  𝒄е = 1 is 

shown in Fig.2. 

 

 
Fig.2. Numerical calculation of the relation  𝒄𝒔(𝒕) − 𝒄𝒎(𝒕)  𝑎𝑡 р = 0.25,  𝒄е = 1 

These dependencies are confirmed by experimental data [1-3], when the boom - 

bend first increases rapidly and then decreases slowly almost to and. 
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