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English abstract

In this thesis, a novel palladium membrane electroplated on porous
stainless steel support was developed for hydrogen separation process.
Also the performance of the as-developed Pd- membrane was studied. The

thesis is reported sequentially in three sections as follows:

First, the electrochemical polishing of porous stainless steel (PSS),
AISI 316L, in the phosphoric-sulfuric mixed acid with a volume-ratios of
1:1,2:1and 3 : 1 at temperatures ranging from 60°C to 80°C was
studied. Electrochemical polishing of PSS was performed in the potential
located in the limiting-current plateau of its anodic polarization curve
using a rotating cylinder electrode (RCE). The results show that the
electrochemical polishing of PSS is strongly affected by the volume ratio
of the mixed acid and the polishing temperature. An optimal brightening
and leveling surface of PSS could be achieved by polishing in 2 : 1 viv
mixed acid at 70°C. Whereas, polishingin1:1and 2 : 1 v/v ratios at and
above 75°C would result in formation of enlarged pores on the PASS
surface due to high dissolution rate within the pores. There is difference in
the surface morphology of PSS when polishing in 3 : 1 v/v mixed acid at
temperature range from 60°C to 80°C, but with rounded edges around the
surface pores of PSS. The effect of the acid volume-ratio and the
polishing temperatures on polishing PSS was discussed based on the
results of electrochemical test and the observed polishing surface

morphology using scanning electron microscope (SEM).

Secondly, a novel electroplating method of preparing Pd membrane

on an AISI 316L porous stainless steel support is successfully developed



by proper control of rotation speed of the support. The use of low current
density with high rotation speed enables us to avoid hydrogen absorption
during electroplating and to prepare smooth thin membrane with
defect-free. The electroplated-Pd membrane shows well property in the
hydrogen permeation, flux and excellent permselectivity(H,/He >100,000),
the Pd membrane is used in a steam reformer of methanol for the
production of high purity hydrogen. It was also found that the membrane
spontaneously exhibited resistance to hydrogen embrittlement around the
phase transition temperature of 280°C, when operated in the temperature

range of 250°C-350°C under the hydrogen pressure of 9kgf/cm?.

Finally, the newly developed constant concentration method was
adopted to study the hydrogen permeation of a hydrogen mixture of H, +
Y through a palladium membrane tube. The hydrogen permeation of the
hydrogen mixture differs from that of a single hydrogen feed. For the
hydrogen mixture, the well known Sieverts equation, Q = Jy /
[(PRM)Y2=(P")"], fails to yield the correct hydrogen flux or permeance
even after the pressure terms are adjusted to the partial pressure of
hydrogen. The hydrogen concentration in the mixture affects both the flux

and the permeance.

Significant abnormal permeation of the non-hydrogen gas, Y, in the
hydrogen permeates is detected during the hydrogen permeation of the
mixture, H, + Y, even though Y-gas alone does not permeate through the
defect-free palladium membrane. This Y-gas slippage in the presence of
hydrogen in the mixture is tentatively attributed to the expansion of the
palladium atomic lattice, enlarging inter-cluster openings Y-gas permeates
through the enlarged structure or grain boundary of the palladium atoms

in the membrane.
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