Pd-Au catalysts: influence of preparation procedure
on direct oxidation of H, to H,0,
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Introduction

Hydrogen peroxide is a clean and excellent oxidizeagent for the production of both fine
and bulk chemicals, that could find applicationsoah the area of wastewater treatment and
paper-pulp bleaching. Over 95% of the world’g3lis currently produced by the sequential
hydrogenation and oxidation of an alkyl anthragaimoa process that employs multiple unit
operations, generates considerable waste and esgsignificant energy input, lowering the
sustainability of the process and raising the petida costs. For kD, to successfully break
into new markets, the production should become mred he HO, direct synthesis from H
and Q is a promising alternative to the anthraquinoménelogy, but the contact between H
and Q is a significant safety hazard and, at presentcaromercial processes have been
developed. In addition, the other major problenpaisdéed with the KO, direct synthesis is
the low selectivity, since water is the termodinealy favoured product.

Until very recently, the catalysts used in thesestigations have been based predominantly
on Pd, but in the last years it has been repohaddatalysts based on Pd-Au alloys supported
on Alb,O,, FeOs, TiO, can significantly improve the rate ob®, formation when compared
with the Pd only catalyst [1].

Experimental

ZrO, was used as support for preparing three bimetatidu samples with the same Pd and
Au loading (1.2wt%), but prepared with three diffier procedures: a catalyst (AuPdClI) was
prepared by incipient wetness coimpregnation ePdClL and HAuC} aqueous solutions.
Another sample (1Pd2Au) was prepared depositingraggly the two metals by different
techniques: first Pd was deposited on the suppoanhncipient wetness method; in a second
step, after drying and calcination, Au was depdsitg DP (deposition-precipitation), and the
sample was dried and calcined again. The thirdysatélAu2Pd) differs from the latter for
the metals deposition order: first Au by DP, thehl# an incipient wetness method were
introduced on the support. The samples have bearacierized by Nphysisorption, metal
content analysis, TPR, CO chemisorption, XRD, Faid HRTEM.

H.O, direct synthesis has been investigated under méd/conditions (1 bar and 20°C) and
outside the explosion range £B,:4:96). Catalytic tests were carried out in methan@0°C.

An activation process giving rise to a Pd partisigface oxidation was used [2]: samples
were pretreated in situ first by,rnd then by @flow. H,O, concentration was measured by
iodometric titration, whereas water was determibgsgolumetric Karl-Fischer method.



Results and discussion

We have recently demonstrated for sulfated zircamd ceria samples [3] that while the
monometallic gold catalysts are inactive under experimental conditions, the addition of
gold in amount 1:1 to the monometallic Pd samplproved the productivity and especially
the selectivity of the process. Therefore, in thiwk, in order to more fully understand the
nature of Pd-Au interaction, various bimetallic Rd-samples supported on zirconia were
prepared by different methods and then were tdetetie HO, direct synthesis.

The effect of the addition of Au to Pd in enhancithg yield of HO, is sensitive to the
preparation methods: the best catalytic resultewedtained using the 1Au2Pd sample, that
allows to achieve (already at atmospheric pressamgjoductivity of 1429mmolpD./gPdh
and a 52% selectivity stable even after 5 hoursoAhe coimpregnated sample presents a
stable, even if lower, selectivity (40%). It's vemportant to remark that these catalysts are
recyclable without loss of activity and selectivi@n the 1Pd2Au sample, on the contrary, the
selectivity is very high after 2 hours of time ameam (60%), but it decreases rapidly and
after 5 hours is approximately 30%.

FTIR spectroscopy revealed the presence of diffgresoordinated palladium sites. No
evidence of gold at the surface was found. CO atisor at 90 K evidenced that only $d
species are present on the as prepared samplebardifferent P8 sites are produced after
interaction with H at r.t.. The ratio between the integrated areth@fband of CO adsorbed
on the remaining Pd species and the CO bands due t8 §ites gave information on the
relative abundance of these species at the sufate catalysts. We found that the higher is
this ratio, the higher is the catalytic activityMoreover, the Plsites are reoxidized in
different extent on the examined samples aftein@raction at r.t., particularly on the most
active sample, 1Au2Pd, the Pd reoxidation is alnooshplete, while the lower extent of
reoxidation was observed on the monometallic samytéech showed the lowest activity. The
origin of these differences will be discussed thgewith HRTEM measurements.

The role of Au in the catalytic reaction seems ® #& complex one, improving the
performance of Pd particles changing their morpigwland electron density, making them
more suited to the reaction requirements.

Conclusions

These new catalysts improved the productivity drel delectivity of the process, producing
already at room temperature and atmospheric pressurydrogen peroxide concentration
useful for industrial applications and maintainagtable selectivity after 12 hours of time on
stream.
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