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Hydrogen is well-known source of electrical energy and 

started to be used in domestic systems via PEM fuel cells. 

Studies in UK, Germany and Netherlands are showing that it 

is safe to blend hydrogen into natural gas pipelines within the 

levels of 5-20% [1]. 

Extracting hydrogen from the Natural Gas grids and using it 

in PEMFC systems requires membranes which provide 

hydrogen levels at least 99.97% pure hydrogen free from CO 

(< 10-100 ppm) and sulfur (< 2.5 ppm) [2]. Dense separation 

membrane already satisfies these requirements as it would 

separate hydrogen which is extremely pure. Currently 

separation membranes in use are Pd-Ag alloys, where Pd 

content is more than 75%.  

In this study, we aim to produce Pd-Mn-Ag thin film 

membranes with high permeability and low cost. We make 

use of combinatorial deposition technique[3] so as to optimize 

the composition of the ternary membrane . 

 

 

Fig.1 Combinatoırial depsition of thin 

film membranes  

Fig.2 Resisivity change of 

Pd38Mn21Ag41 under argon and 

hydrogen as a function of 

temperature  

Thin film membranes were prepared via sputter deposotion 

using 2 inch Pd, Ag and Mn targets. Substrates were glass 18 

mm in diameter placed in stainless steel holder in triangular 

form comprising 21 mebranes, Fig.1. Conditions were 

adjusted such that films were typically 3 m thick.  

Thin films were then screened in terms of a reactivity index 

This involved the measurement of resistance of the thin film 

while heating to 450 oC first under argon and then under 

hydrogen, Fig.2 . The index was defined as r=H2/Ar where 

H2 and Ar are the resistance of the film -measured with 

four probe technique- under hydrogen and argon.  

The position of thin film membranes in ternary system was 

marked in Fig.3. This comprises a total 42 thinn film 

membranes, i.e. two sets of films. It is seen that the embranes 

are distributed over a wide compositional area covering the 

complete ternary phase filed. It is seen structurally thin films 

fall into three categorties. Mn rich memebranes, Dual Phase 

membranes and Single phase membranes.  

Reactivity index measured for the thin film membranes are 

shown plotted in Fig.4. Here the region close to Mn are black 

indicating that the measuremnt in these regions were not 

possible due to the fact that the films were quite brittle even 

without exposure to hydrogen. Therefore Mn rich 

compositions (shown red in Fig.3) are unstitable as separation 

membrane. The reactivity index has high value close to Pd-

Mn line and also in region centered on Pd43Mn32Ag25. The 

map refers to values at 200 oC, and contour mapping is 

altered depending on the temperature , though the overall 

shape is preserved.  

  

Fig.3 Structure of thin film 

membranes in Pd-Mn-Ag system  

Fig.4 Map of reactivity index in Pd-Mn-

Ag system at 200 oC 

The results show that Pd-Mn-Ag system is quşte suitable for 

developing separation membranes that would function at 

different tenmperature. For convetional purposes, 

i.e.separation membrane operating betweeb 200-400 oC, two 

compositons are identified. These are Pd38Mn21Ag41 and 

Pd43Mn32Ag25. 

Currently work is in progress to deposit the thin film 

membranes of selected composition on on nanoporous 

substrate to measure their permeability.  
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