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Studies have been conducted on the preparation and characterization of a composite mem-
brane consisting of a thin palladium film supported on the outer suuface of a porous ceramic. The
compositie membrane was highly permeable to hydrogen, having an extremely high selectivity
for hydrogen. The high flux was related to the thinness of the palladium film. Utikization of a
thermally durable ceramic made it possible to prepare a miscible palladium-silver alloy film by
coating and diffusion treatment. The hydrogen permeability increased with silver content and
reached a maximum at 23 wt%. The enhanced hydrogen permeability was related to the high
hydrogen solubility. The Pd-Ag alloy membrane containing 23 wt% of Ag exhibited 100%
selectivity for hydrogen separation even at comparatively low temperature around 473K.

The conversion of propane to aromatics on a Ga-loaded H-ZSM-5 catalyst was studied using
a hydrogen permeable membrane reactor. The vield of aromatics in this membrane reactor was
higher than yields reported in conventional packed bed reactor. The high yield of aromatics was
credited to the suppression of the formation of by-products, methane, ethane, probably due to the
removal of hydrogen from the reaction system. It was found from a comparative study on the
conversion of propene that dehydrogenation of propane to propene was effectively promoted
using the membrane reactor,

Pt /ALQ, catalyst was most active for dehydrogenation of iscbutane to isobutene at 400°C
among the catalyst tested. The yield of isobutene on Pt /AL, catalyst was high compared with
thermodynamic equilibrium ones attainable in a conventional reactor. The overall reaction in the
membrane reactor used in this study was controlled by reaction rate, that is the catalytic activity,
rather than rate of hydrogen permeation through the membrane, The addition of Sn to Pt /Al:Os
lowered the dehydrogenation activity in the conventional reactor. In the membrane reactor,
however, the isobutene yield increased with increasing content of Sn to reach a maximum at 0.2
wt%. The addition of Sn to Pt/Al,O; was effective to suppress deactivation in the membrane
reactor. (Kikuchi, Matsuda)



Electrorganic synthesis of methyl formate and methylal from methanol in the gas phase was
carried out by using the Pt /Nafion /Pt system. The Pt/Nafion /Pt system was applied to the fuel
cell system {CH3;OH, Pi/Nafion /Pt, O,). When the circuit was shorted at room temperature, the
current flowed and methyl formate and methylal were produced selectively, Then, ethylene was
used as a reactant instead of methanol. Acetaldehyde was selectively {>95%) produced under
short-circuit conditions by using C:H,, Pd /H;PO,/Pt, O; system. Pd was the unique cathode for
acetaldehyde production.

The fuel cell system (Reactant, Pd /H,PO,/Pt, O,) was applied to the partial oxidation of
propylene. Under short-circuit conditions, acrolein, acrylic acid (z-allyl type} and acetone (Wacker
type) were produced. The product selectivities of z-allyl type and Wacker type could be controlled
by applying voltage between the electrodes. This reaction system was also applied to the
synthesis of ethyl acetate from ethylene and acetic acid,

The hydroxylation of benzene was carried out by using a Hy;~0O, fuel cell at room temperature.
Dioxygen was reductively activated with hydrogen (e~ and H"), producing the active oxygen
species. The active oxygen oxidized benzene producing phenol selectively. The active cathodes
were the graphites added with Pd-black and SmCl;. Cyclohexane could be oxidized producing
cyclohexanol and cyciohexanone by using the same reaction system.

As described above, we have demonstrated that many organic synthesis could be carried out
by applying fuel cell systems. {Otsuka)

We studied a membrane reactor in order to use for closed system such as a chemical heat
pump. In the system, reactant gas was fed without inert gas, and gas was sucked in permeate side.
In this system, the cut, that is, the ratio of permeate rate to feed rate affected on the level of
conversion.

Dehydrogenation of Cgll;, was carried out using a membrane reactor at 200°C under atmos-
pheric pressure. Double cylinders reactor of 180 mum hight was used. Inside tube was a permeable
membrane with the outer diameter of 10 mm and outside tube was a Pylex glass of 28 mm in inner
diameter. 0.5 wt% Pt /ALQ, was packed in the reactor. Gas was sucked in the permeate side to the
maximum pressire of 15 kPa. The membranes used were Vycor glass and the porous ceramics, of
which the surface was coated with Si (OC,H;g); by a sol-gel method. Permeability of membrane was
varied by changing coating times. The permeabilify of membrane with coating of 12 times was
nearly equal to the one of Vycor glass.

Vyeor glass membrane had large separation factor and small cut. 10 times coated membrane
had small separation factor and large cut, The conversion level was larger for 10 times coaling
membrane than for Vycor glass membrane. The cut is an important factor for closed sysiem
membrane reactor. It is expected that the membranes with not only larger separation factor but
also larger permeability are developed. (Kokugan)

In order to obtain active catalysts for low-temperature dehydrogenation of isobutane, exper-
imental studies were carried out using a palladium-alloy membrane reactor. It was shown that a
Pt /Zn0 catalyst had higher activity than any other examined catalysts. The performance of 0.5
wi% Pi/ZnQ catalyst was more than 45% conversion of isobutane and ~99% selectivity for
iscbutene at 450°C. The Pt /Zn0 catalyst was also very effective for dehydrogenation of propane
and n-butane. Further, the influence of catalyst preparalion and reaction conditions on the

catalyst performance were investigated.

(Igarashi)
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