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A Investigation of Hydrogen-storage Alloy as Catalytic Electrode

for Hydrogenation of Nitrobenzene

Lu Shigang Yang Hanxi Wan Changfa
(Department of Chemistry, Wuhan University, Wuhan 430072)

Abstract Since hydrogen-storage alloy can not only absorb hydrogen atoms to form highly
reactive metal hydride as hydrogen source by electrolysis but also possesses a certain catalytic activity
for hydrogenation, it is thus feasible to utilize the alloy as a novel electrode for electrolytic
hydrogenation in organic electroreduction. This work employed misch metal AB;type alloy as a
catalytic electrode and studied the electrochemical hydrogenation of nitrobenzene.

The hydrogen-storage electrode (MH) was a plastic bonded electrode sheet made from a paste of
Mm (NiCoMnAl);alloy powder and teflon emulsion. The electrolysis was performed at constant
current and controlled potential in a three electrode cell of H-type configuration. The electrolyte was
0.5 mol/L KOH aqueous solution and 0. 5 mol/L KOH in CH;0H + H,O (80 : 20 by vol. ).
Changes in the concentrations of nitrobenzene (NB) and its reaction products were monitored by
sampling at different duration of electrolysis and then analysed by HPLC and UV spectroscopy.

The CV cruve of a powder microelectrode of hydrogen-storage alloy in alkaline solution showed a
pair of distinct oxidation-reduction current peaks of hydride formation at E = — 1.1 V and hydrogen

desorption at E=—20. 9 V. 1n addition of NB, a strong reduction peak appeared at E = —0.7 V on
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cathodic scan, and the anodic peak of hydride oxidation completely disappeared on reverse scan to
suggest the participation of absorbed hydrogen in the NB reduction (Fig. 3). In the electrolysis of NB-
saturated alkaline solution, we used UV spectroscopy monitoring the compositional changes of the
electrolyte. It was found that with increasing the electrolysis time the concentration of NB droped
steadily and instead the concerntration of the main product aniline (AN) went up contineously as seen
by the decreasing 278 nm and increasing 230 nm UV peaks both characteristic of nitrobenzene and
aniline. By HPLC seperation and analyse of the electrolyte after electrolysis, the electrolysis yield of
AN reached up to 90% and the current efficiency calculated also exceeded 85%;. Except for a very
small amount of azoxybenzene and azobenzene (totally about 2% content) there were no any other
side reaction products or intermediates found in the course of electrolysis, indicating the high selectivity
of MH electrode for nitrobenzene hydrogenation.

In order to increase the dissolubility of NB in electrolyte, we tried to vsz the methancl-water
mixed solvent instead of aqueous solvent for the electrolytic hyZdiogeaation of NB. 1n the case of using
the mixed solvent, the main electrolysis produci was still AN, and the AN yieid and current efficiency
were 869% and 85% both almast equal to the values measured in alkaline solution. Comparising of the
MH electrodes before and afi=r ejectroiysis there were no any discernible changes observed in the
hydrogen-storage capacity and charge-discharge properties, suggesting a quite catalytic stability in the
organic media.

In summary it could be concluded that the use of MH electrode in the electrochemical
hydrogenation of nitrobenzene offers a number of advantages of high selectivity, high current

efficiency and excellent catalytic stability , this shows a great promise for industrial applications.
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