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Some Pd-rich alloys are only permeable to hydro- 
gen and have catalytic activities for hydrogenation 
and dehydrogenation reactions [l-5]. Hydrogen 
permeating through such membrane catalysts in the 
form of foils or thin-walled tubes presents a new way 
of introducing hydrogen to the reactions, involving 
the activation and transfer of hydrogen together 
with new concepts in reactor design. The diffusion 
of hydrogen through such membranes has also fund- 
amental importance in understanding the interstitial 
diffusion in transition metal alloys. They are widely 
used for the separation and purification of hydrogen 
gas. 

Their use in catalytic systems may be advanta- 
geous as: (i) they can suppress the competitive 
adsorption with a better control of surface concentra- 
tions; (ii) they can increase the reaction rate by sup 
plying the highly active atomic hydrogen to the 
reactant with a desirable concentration on the whole 
surface; (iii) the removal of spent catalyst from the 
product is eliminated by their use in liquid-phase 
hydrogenations; and (iv) it is also possible to carry 
out a hydrogen evolution reaction on one side and a 
hydrogen addition reaction on the other side of the 
membrane. 

In this study, the aims were to search for Pd-based 
alloys with high permeability to hydrogen and good 
mechanical properties and to correlate their catalytic 
activities with their structural and sorptional pro- 
perties. 

Experimental 

The experiments were carried out in a stainless 
steel reactor which was divided by the membrane 
into two compartments of equal volume, a high 
pressure hydrogen and a low pressure reaction side. 
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The membrane itself was clamped between two 
copper gaskets and a thermocouple was sited very 
close to the low pressure side. The reactants were 
passed through a stainless steel tube into the low pres- 
sure side, the outlet being approximately 3 mm away 
from the membrane surface, and were kept at a 
constant pressure of 1 bar. 

Two Pd-rich membranes (Pd-23 at% Ag and 
Pd-7.8 at% Y) were used. The former was kindly 
supplied by Johnson Matthey plc., as a sheet of 
0.005 cm in thickness, whereas the latter was pre- 
pared by the similar methods cited in refs. 6 and 7, 
i.e. by argon arc-melting of the constituent metals, 
homogenized in a vacuum furnace and cold-rolled 
to the thickness of 0.005 or 0.01 cm, with several 
intermediate anneals in between. The alloy composi- 
tion was verified by X-ray diffraction methods [8]. 
Discs with a diameter of 2.47 cm were cut from this 
sheet and given a final anneal at 900 K for 3 h. 

For the permeability studies, the membrane was 
activated by abrading its surface and heating it to 
250 “C in dry hydrogen at 2 bars, then furnace- 
cooling to room temperature. It was then pressurized 
to give the required differential pressure, whilst 
the low pressure side was kept at a constant 1 bar 
hydrogen pressure. A very sensitive microflowmeter 
was used to monitor the outflow rate of the gas on 
the low pressure side. 

The catalytic activities of the membranes were 
investigated. First, the self-hydrogenation of ethylene 
on the low pressure side of the untreated membrane 
(i.e., not previously activated by hydrogen treatment) 
was studied whilst keeping the high pressure side 
under vacuum. Secondly, ethylene was hydrogenated 
on the low pressure side of the untreated and/or 
treated membrane (i.e., activated by hydrogen treat- 
ment then outgassed prior to the ethylene introduc- 
tion) as a function of temperature and differential 
pressure across the membrane. 

The reactants and products of these reactions were 
analysed by gas chromatography using a Pye series 
104 unit fitted with dual f.i.d. and a 1.5 m X 3 mm 
i.d. glass column packed with 80-100 mesh silica 
gel. 

Results and Discussion 

The permeability results are in good agreement 
with published results [6, 7, 91. The permeabilities 
of the Pd-7.8 at% Y membrane are greatly in excess 
of those of the Pd-23 at% Ag membrane as the 
temperatures and differential pressures increase; 
for example at 300 “C and 6.8 bars the permeability 
of the Pd-7.8 at% Y is 3.65 times that of the Pd-23 
at% Ag membrane. 
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Ethylene hydrogenation was chosen to test the 
catalytic activities of these membranes. However, 
ethylene is known to decompose and/or self- 
hydrogenate on catalytic metal surfaces at elevated 
temperatures and pressures [ 10, 111. 

This process can even poison the catalytic surface 
for further reactions. Hence, the effects of temper- 
ature, ethylene pressure and feed rate were investig- 
ated in the self-hydrogenation of ethylene on the low 
pressure side of the untreated materials. The results 
are shown in Figs. 1 and 2. Although the self-hydro- 
genation of ethylene was not observed with both 
membranes up to 300 “C at 1 bar of ethylene pres- 
sure, in the 300-350 “C range methane, ethane and 
n-propylene were common products to both systems 
and n-butylene appeared additionally with the 
Pd-7.8 at% Y alloy which yielded 3 times higher 
concentrations than those with the Pd-23 at% Ag. 
On the other hand, increasing the pressure of ethyl- 

Fig. 1. The self-hydrogenation of ethylene on the low pres- 

sure side of Pd-7.8 at% Y (- - -, open), Pd-23 at% Ag 

(-, closed). Temperature effects (o), pressure effects (o), 

ethylene feed rate effects (0). 

Fig. 2. Comparison for product analysis of the self-hydro- 

genation and/or hydrogenation via permeate hydrogen under 

various conditions with Pd-7.8 at% Y (a), Pd-23 at% Ag 

( n ). M = methane, E = ethane, Ee = ethylene, P = propane, A 

= acetylene, Pp = propylene, B = butane, Bb = butylene, AP = 

differential pressure, P(CzHd = ethylene pressure, F(C2H4) = 

ethylene feed rate, (n) = not examined, (o), not formed. 

ene suppressed the methane and ethane formation 
and shifted the n-butylene formation to higher tem- 
peratures with the Pd-7.8 at% Y alloy, but with the 
Pd-23 at% Ag their concentrations were increased 
along with the additional formation of n-butane. 
Doubling the ethylene feed rate again depressed the 
methane and ethane formation for the Pd-7.8 at% Y 
alloy, the latter being about 5 to 10 times lower than 
those with the Pd-23 at% Ag. The higher hydro- 
carbon formations were again shifted to higher 
temperatures. 

Figs. 2 and 3 show the collective results of the 
hydrogenation of ethylene via permeating hydrogen 
through the untreated and/or treated surfaces of the 
membranes as a function of temperature and differ- 
ential pressure across the membranes. 
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Fig. 3. The ethylene hydrogenation via permeate hydrogen 

through untreated (closed), and treated (open) surfaces of 

Pd-7.8 at% Y (- - -) and Pd-23 at% Ag (----) at various 
temperatures and differential pressures. 

With the untreated surfaces at 200 “C, increasing 
the differential pressure increased the ethane for- 
mation with both systems but with greater concentra- 
tions for the Pd-7.8 at% Y membrane, and while 
methane and ethane were the major products, n- 
propylene appeared only with the Pd-23 at% Ag 
at 6.8 bar differential pressure. Again at 300 “C, a 
similar effect was observed; n-propane, n-propylene 
and n-butane were also detected at all differential 
pressures and acetylene at 2 bar only with the 
Pd-23 at% Ag membrane. n-Propylene was observed 
at elevated temperatures (435 “C) with the Pd-7.8 
at% Y, together with methane and ethane at all 
differential pressures. 

When the membrane surfaces were hydrogen 
treated prior to the ethylene introduction, at 200 “C 
methane and ethane again were the common products. 
Traces of acetylene and n-propylene were also detec- 
ted only with the Pd-23 at% Ag alloy at 5 and 6.8 
bar. Increasing differential pressure slightly increased 
the ethane formation for both cases and their con- 
centrations were comparable. 

In general, the nature of the membranes, different 
surface conditions, availability of active sites, varia- 
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tion in adsorption of different hydrocarbons and 
possible poisoning of the surfaces by the hydrocar- 
bons formed during the hydrogenation may provide 
some explanation for the formation of various 
products with interesting concentrations on these 
surfaces [3, 41 and the work of Somojai [ 121 and 
Bandy et al. [ 131 on ethylidyne formation may shed 
some light on the differences in their behaviour. 
The hydrogenation activity for the Pd-7.8 at% Y 
membrane is greater than that of the Pd-23 at% Ag 
but not in the same ratio as in their permeability. 
The possible susceptibility of yttrium to oxidation 
may yield a slightly oxygen-contaminated surface 
which could affect the above factors and lead to 
modified product distributions compared with the 
Pd-23 at% Ag membranes, and future surface studies 
will be carried out to verify or otherwise these 
suggestions. 
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