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ABSTRACT

A palladium membrane has been prepared by electroless plating deposi-
tion method on the surface of a porous stainless steel disk as support.
Thedisk surface was covered with an oxide barrier to prevent metal diffu-
sion from the support to the palladium layer. The optimized thickness of
the fabricated palladium layer to be dense enough was 46um. The perme-
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ability of the membrane for hydrogen and nitrogen was investigated at
723, 773 and 823K and plotted vs. varying pressures. Additionally, the
ratio of H,/N, permeation selectivity of the membrane was around 3500.
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INTRODUCTION

Pdlladium and paladium based dloy thinfilmshave
been considered abroad for their gpplicationsinthear-
eas of gas sensors, el ectronic apparatures, hydrogen
purifiers and magnetic storage devices?. Besides, in
recent years, considering their unique propertiesasa
feasible hydrogen permeance, thermal stability, suffi-
cient mechanica strength and catalytic properties, pa-
ladium and pd-based alloys have been developed asa
membrane.

Most of well-known paladium membranesisbas-
cally fabricated of two parts, support and palladium
layer. Different techniques have beentried for fabrica:
tion of Pd and pd-based aloy composite membranes,
such asphysical vapor deposition (PVD)!3, chemica
vapor deposition (CVD) and dectrolessplating?. Elec-

trolessplatingisapopular techniquefor preparing thin
Pd*-® and Pd-aloy!”# supported membraneswith ex-
cdlent hydrogen permeshility.

Among al possible supports such asceramicsor
vycor glasses®9, therearefew which could match the
beneficial aspectsof porous sainlesssteel (PSS), re-
gardingtoitspractical process, corrosion resistance,
thermal stability, mechanicd strength and thermal ex-
pans on coefficient whichisthe closest tothat of palla
dium™, Meta diffusionthrough PSSintothepdladium
layer at high temperaturesis considered asanother PSS
problem™, Inthiscontribution, we madeaoxidelayer
onthesurfaceto prevent the described metal diffusion.

EXPERIMENTAL

Disk shape of 316L porous stainlesssteel grades


mailto:dehghanim@ripi.ir

CTAIJ, 3(1) June 2008

M.Dehghani Mobarake and F.Azizi 15

TABLE 1: Compostion of thePd plating bath

Subject Amount
Pd(NH3) 4Cl>'H,0 (g/l) 5
NaEDTA 2H,0 (g/l) 42
NH,0H (28%) (mi/l) 220
N2H4 (1 M) (mif) 4
pH 10-11

0.2m with 1mm thickness as a porous substrate was
purchased from theMott Metdlurgical Corporation. A
surfaceareaof disk was 12.5cm?. Cleaning process of
the porous stainless steel support wasperformedinan
ultrasonic bathwith dkainesolutionat 333K for 30min.
Thiscleaning procedurewasfollowed by immersingin
water andisopropyl dcohol respectively thenwasdried
at 373K for 3h. The porous stainless steel supports
wereoxidized inan air stream at 873K for about 6h.
Therateof heating and cooling during the oxidation
processwas 5K/min. Prior to electrolessplating step,
thesurface of diskswas activated. Theactivation pro-
cessinvolved, immersingthesupport inadilutetinchlo-
ridesolution for 5min, then by Sminrinsingindeionized
water. It wasfollowed with rinsing thedisksin palla-
diumsat solutionfor 5min, Theabove procedurewas
repeated 6 times. The chemicasusedintheplating so-
lutions were PdCl, (99.9%), Na,EDTA, NH,OH
(35%), NH,CI, N_H, (30%) purchased fromAldrich
Chemicals. Thedeposition solution concentrationsare
represented in TABLE 1. The hydrazinewasused as
thereducing agent. The plating solution wasrenewed
every 90 min, withrinsngwith hot deionized water be-
tween each plating bath. Theweight gainsbeforeand
after the plating was used to determinethethickness of
themembrane. Determining the hydrogen permesation
flux through the membraneat 723-823K, weutilized a
massflow controller to feed aconstant pressurized gas
to oneside of thedisk whileit wasmonitored with a
pressure gauge and the other side, asthe permeation
Side, waskept at atmospheric pressure.

RESULT AND DISCUSSION

Membranepreparation

Accordingto the above mentioned method, palla
dium waspreci pitated on the support surface, followed
by 14h of eectrolessplating, thefabricated membrane
was completely densein the pressure of 1 bar at room
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Figurel: Resultsof hydrogen permeation testsat varying
pressures
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Figure2: Resultsof nitrogen per meation testsat varying
pressures
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temperature. The gravimetery showed athickness of
46pm. Thenthe membranewastreated at 673K under
thenitrogen atmospherefor 6h. After that the nitrogen
amospherewasreplaced with thehydrogen amosphere
for 4h.

Membrane permeation properties

Thecharacterized membranewastested for H, and
N, permeation at 773K. Activation processwas done
by exposingthemembraneto N, atmosphereat 3am
at 773K for 4 hours and then the whol e process was
repeated with H, atmosphereinstead of N, for Shours.

Figures 1 and 2 represent the permestion fluxes of
hydrogen and nitrogen through the membrane at the
constant temperature of 723K. Pressure dependence
of thehydrogen permestion flux through thepa ladium
layer isindicated from positive dopeof hydrogen per-
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Figure 3: Selectivity of the membrane with respect to
hydrogen
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Figure4: Result of long duration hydrogen per meation
test

meation vs. applied H, pressure. The H,/N,, selectivity
of the membrane was computed by dividing theH, to
N, permeation fluxesat agiven pressureas shownin
figure 3. Accordingtothefigure 3, temperatureincrease
hasnot aregular and dramatic effect on themembrane
selectivity. Figure 4 is showed the hydrogen perme-
ation flux vs. time under AP of 2 bar at 823 K. As
stated by thisfigure, hydrogen permeation is not af-
fected by timepassage. Thiscould beexplained by pres-
ence of oxidelayer asabarrier to prevent meta diffu-
sionfrom PSSthrough paladiumlayer.

CONCLUSION

A palladium membranewas fabricated by el ectro-
less deposition method on amodified PSS disk. The
palladium layer was suitably densewith athickness of
about 46 um. Permeability of themembranefor hydro-
gen and nitrogen wasexamined. Themaximum perme-
ation flux was 39 cm3/cm?/min. Additiondly, the maxi-
mum permeetion of nitrogenthrough themembranewas
0.01235 cm?*cm?/min. It confirmsthe proper dense-
ness of themembrane.
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