MAX-PLANCK-GESELLSCHAFT

Structural and Catalytic Investigation of Binary Palladium-Gallium Alloys

J. Osswald,’ R. E. Jentoft,! F. Girgsdies,! R. Giedigkeit,2 Y. Grin,2 R. Schlégl,’ T. Ressler!

!Inorganic Chemistry, Fritz Haber Institute of the MPG, Faradayweg 4-6; 14195 Berlin, Germany, http://www.fhi-berlin.mpg.de F H I
2Chemical Metals Science, MPI for Chemical Physics of Solids, Nothnitzer Str. 40, 01187 Dresden, Germany, http://www.cpfs.mpg.de

Introduction

Palladium is well known as an
important catalyst for hydrogenation
and for combustion reactions!!l.

« Typical Pd catalysts are supported on metal
oxides and show high activity but limited
selectivity for hydrogenation and oxidation
reactions.

Motivation

« The limited selectivity of Pd catalyst ~ is
due to neighbouring active sites of
the catalyst surfacel?l.

« Active site isolation may increase selectivity.
The structure of the selected Pd-Ga alloys
provide isolated Pd atoms.

Goal

« Investigate selectivity and reactivity for catalytic
hydrogenation of acetylene

* Determine the thermal stability in
different gas atmosheres with in situ
XRD and XAS measurements.

Structure

o PdGa

Space group®: P 2,3 (198) - cubic

Pd,Ga,

Space group®: I m -3 m (229) - cubic

In situ EXAFS

Gasin

Gas out

EXAFS measured at HASYLAB X1 (Hamburg) and ESRF
1D24 (Grenoble) at Pd K-edge (24.35 keV).

Cell parameters:

In situ XRD

In situ XRD measurements were conducted using a STOE diffractometer with Cu-Ka radiation in
Bragg-Brentano geometry (secondary monochromator).

Bulk characterisation of PdGa + Pd,Ga,

« High thermal stability under different atmospheres.

«In 100% H, anomalous trends of the interatomic distances and Debye-Waller factors are observed.
That may correspond to the incorporation of hydrogen and to the onset of catalytic activity (Fig.
TiIb).

Catalytic studies of PdGa + Pd,Ga,: Preliminary results

« The Pd-Ga alloys show activity for hydrogenation reactions.

« Increased activity can be obtained by mechanical treatment (ball milling) and with conservation of
the  structure.

* The selectivity of the hydrogenation to ethylene in respect to ethane is higher compared to the
commercial catalyst Pd on Al,O4
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« Surface determination with CO chemisorption.
« Preparation of high surface area samples by mechanical treatment (ball milling).

« Quantitative catalytic studies.
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