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Ultradispersed silver powder obtained by electric explosion revealed 100% selectivity in the catalytic epoxidation of ethylene with
molecular oxygen.

Interest in the study of the catalytic properties of energy-saturatdeve previously been observed only in homogeneous epoxidation
ultradispersed metals obtained by electric explosion of wires iof olefins by peroxide compounds.
gaseous media has increased in recent yeBngy have been According to HREM data (JEM-2010 microscope), a fresh
found to be more active and selective than ordinary metadample of silver UDP consists of metallic globules 50—200 nm
powders in several catalytic reactidgndJnfortunately, the in size (mean size 100 nm) linked in chains. Silver particles
literature does not provide data on the structure of ultradispersentain a large number of extended defects of a polysynthetic
powders (UDP), which would make it possible to explain theitwin type along the (111) planes of the face-centred silver
unusual catalytic properties. lattice, which are repeated each 1-10 nm. The selected-area
In this work, we have studied the structure of silver UDPelectron diffraction pattern of these particles contains reflexes
exploded in an argon atmosphere, to explain its extremely higbf twins and elongated reflexes along (111), indicating the
selectivity in ethylene epoxidation. For comparison, similarpresence of both twins and many (over-equilibrium) stacking
studies were carried out with ordinary catalysts (Ag powderfaults. In fact, a high-resolution picture (Figure 2) clearly
Ag/C) prepared by equilibrium procedures. displays planes with distanak,;=2.35 A, and a modulation
The catalytic activity was measured in a flow-circulationfrequency of their image intensity up to the lattice spacing.
set-up described elsewhérén comparison with ordinary Ag Evidently, the exit of frequently alternating defects on the
powder, the activity of UDP decreases more rapidly with timesurface leads to a strong roughening of the regular structure of
whereas the activity of the Ag/C catalyst remains almosthe facese.g.many atomic-size steps form.
unchanged (Figure 1). Under nearly steady state conditions, the Treatment of silver UDP in oxidative or reaction mixtures
activity of the samples follows the order: ordinary powder >>results in the complete annealing of stacking faults, while twin
>> Ag/C > UDP. The selectivity changes in the opposite orderdefects are retained. In this respect, silver UDP behaves
i.e. the ultradispersed powder shows the highest selectivity isimilarly to Aghi-Al, O, catalystst The significant difference
epoxidation (90%), while the ordinary silver powder has thebetween silver UDP and Ag/C catalysts and ordinary silver
lowest selectivity (40%). powder and Agi-Al,O; is that when a silver surface is treated
Preliminary treatment of UDP and Ag/C samples with oxygerwith O, or the reaction mixture, specific particles of ordered
at enhanced temperatures (230—260 °C) decreases their catahgtoucture up to 10 nm in size appear on the surface (Figure 3).
activity but sharply increases their selectivity (Figure 1).These particles are localised only at sites of exit of extended
However, the selectivity of the ordinary powder remainsdefects onto the surface (twinning boundaries), whereas they
practically unchanged. Almost 100% selectivity with respect t@re not detected on regular areas. Direct resolution of the lattice
ethylene oxide is achieved in the case of the ultradispersagives interplanar distances of 3.3 and 2.7 A, which are close to
powder. This is surprising for the gas-phase production othe parameters of the silver oxide (&J cubic lattice.
ethylene oxide on solid catalysts, since such high selectivities A three-dimensional silver oxide phase can hardly form
from the metal due to the thermodynamics at thesgr€ssures

100 and temperatures. Therefore, it is unlikely that these unusual
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Figure 1 Time dependences of epoxidation rad §nd selectivity with
respect to ethylene oxidé)(at 230 °C on different sameleo: , ordinary Figure 2 High-resolution electron microscopic image of twins and sta
Ag powder;s , Ag UDPY , Ag UDP preoxidized at 260 °C for Zh; , Ag/ faults at (111) planes in a silver UDP crystal. Angles and roughnes
C; m, Ag/C preoxidised at 240 °C for 2 h. Feed gagi32%), O, (7%),  the surface show the exits of extended defects: twinning boundari
He (91%). and stacking faults (B).
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Ag surface layers, oxygen chemisorbed on the defects is
accumulated in the vicinity of the more stable extended defects

50 A (exits of twin boundaries on the surface) thus eventually
producing small oxide-like particles and causing the complete
disappearance of the oxide layer. It therefore becomes clear
why the formation of oxide-like structures is accompanied by a
monotonous decrease in the reaction rate along with an increase
in the selectivity towards ethylene oxide (Figure 1).

Most probably, epoxidation acts occur in the vicinity of the
boundary between the metal and oxide-like particles, where
Ag* cations and electrophilic oxygen atoms are localised. They
are necessary for the activation ofH; and epoxidation acts,
respectively. In our opinion, the absence of substantial coverage
by nucleophilic oxygen causes high selectivities. The reaction
energy in the case of ordinary Ag powder is clearly insufficient
to produce oxide-like structures. Therefore, reaction evidently
occurs on randomly appearing centres, whose immediate vicinity
) ) ) ) o _contains nucleophilic and electrophilic oxygen atoms. As a
Figure 3 High-resolution electron microscopic image of an oxide-like consequence, the activity of the ordinary Ag powder is much
particle located on the surface of a silver crystal. higher than that of UDP, while, on the contrary, the selectivity

is much lower.

particles are AgD ionic crystals. As follows fromex situ
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