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Abstract: Atomic hydrogen interaction with metals processes introduces major interest 

concern for atomic and hydrogen energetic, and also space materials technology. In this 

paper the data on permeability of hydrogen through palladium membranes in a wide 

temperature range are cited, and also is informed about the effect of atomic hydrogen 

superpermeability through palladium membranes. 
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Introduction 

In this study we aimed to investigate the atomic hydrogen permeability and pumping 

through the palladium membrane, and to determine the quantitative relationship between these 

processes. 

        Permeability and pumping have the common physical and chemical nature and are caused by 

an increasing of the chemical potential, as a result of molecular hydrogen pre – dissociation. 

     According to the estimates made in [1, 2], in special conditions, the degree of gas compression 

may be 1011. Although, actually, in the case of palladium membrane, hydrogen pumping ratio (the 

ratio of molecular hydrogen pressure in the enclosed space to the pressure of atomic hydrogen) is 

about 103 – 104. In experiments with pure iron membrane at temperatures 343 – 673 K and 10-3 – 

10-2 Pa atomic hydrogen pressure, pumping ratio is about 6 ·105 [3]. 

  

Experiment  

        To generate atomic hydrogen beams, we used the microwave plasma obtained as a result of the 

discharge in the molecular hydrogen stream. Installation for atomic hydrogen beams generation was 

described earlier [4].  

Hydrogen permeability through the palladium membrane thickness of 0.15 mm and area of 3.5 cm2 

was investigated in the temperature range 293 – 523 K, atomic hydrogen beams 1017atoms/sm2·s 

density and the molecular hydrogen beams 1017 molecules/sm2·s density. 

Treating diffusion membrane, that covers some closed volume by atomic hydrogen beams, 

we could observe the molecular hydrogen accumulation in it under pressure, several orders of 

magnitude greater than the atomic hydrogen pressure. The maximum pressure of molecular 

hydrogen may be determined from the equations 
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where ΔG0 – standard Gibbs energy; eq

HP  and q

2

e

HP  – equilibrium atomic and molecular hydrogen 

pressures, accordingly; PH, 
2HP  – atomic and molecular hydrogen pressures, accordingly; 

0

dG  - dissociation standard Gibbs energy.     

When examining the interaction of atomic hydrogen with palladium membrane it is necessary to 

take into account, that the process is irreversible and therefore a balance between chemisorbed 

hydrogen and atomic hydrogen in the gas phase does not exist. The equality of the chemical 

potentials can be achieved only, if we exclude the occurrence of the recombination process. 

Otherwise chemisorbed hydrogen atoms recombination, followed by desorption of the chemisorbed 

hydrogen, chemical potential will be significantly less than the atomic hydrogen chemical potential 

in the gas phase. It is therefore necessary to introduce the  coefficient, depending on the 

temperature, which takes into account the recombination of hydrogen desorption process passing. 

With the introduction of the  coefficient, equation (2) is converted to  
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With exposure time increasing, increases the flux through the membrane, since there is a 

gradual saturation of the membrane surface and therefore increase the dissolved hydrogen 

concentration difference on the front and back sides of the membrane. At the maximum dissolved 

hydrogen concentration on the front side of the membrane, hydrogen flow through the membrane 

becomes stationary.  

Results 

Pressure changes in the cell with palladium membrane, when one exposed to atomic hydrogen 

beams at various temperatures, are shown in Fig. 1, 2. With palladium membrane temperature 

increasing from 293 K to 373 K, there is an increasing in the permeability of the atomic hydrogen 

and reducing the time to establish a steady flux through the membrane. This is due to the increasing 

of the hydrogen in the palladium diffusion coefficient. The maximum permeability is observed at 

373 K. Experimentally determined dependence of the hydrogen flux through palladium membrane 

on temperature, molecular hydrogen pressure, and membrane geometric parameters has the form: 
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where J – molecular hydrogen flux through a diaphragm (Pa·sm3·s-1); S- membrane area;  

Δx- membrane thickness; p1, p2 – molecular hydrogen pressures at different Pd – membrane sides. 

At p1>> p2, the equation (4) will be transformed to: 

x

S
p

RT

14400
exp1029.7J 1

2












                                  (5) 

The hydrogen permeability comparative analysis found, that the permeability at similar conditions, 

when exposed to atomic hydrogen, palladium membrane permeability significantly greater than in 

the molecular hydrogen case. This phenomenon is called as atomic hydrogen "superpermeability" 

and is caused by the fact, that atomic hydrogen has a much higher chemical potential than the 

molecular under the same conditions, as the driving force for permeation is the difference between 

the hydrogen chemical potentials across the membrane. 
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Fig.1. Molecular hydrogen pressure variation in a cell with palladium membrane at various temperatures 

 

Fig.2. Molecular hydrogen pressure variation in a cell with palladium membrane at 363K 
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