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Precious metal catalysts have been used in various commercial processes. In this review, some
industrial processes using metal catalysts such as the three-way catalysts for the treatment of auto-
mobile exhaust and bifunctional catelysis for reforming process are described.

As important factors for the catalytic activity and selectivity, the size and microstructure of
metal particles and the formation of bimetal are reviewed. On Ni/SiOs, formation of benzene from
cyclchexane is favorable on large particles, but selectivity to alcchol from aldehyde is high on
small particles, Recent EXAFS results showed that the structure of the fine particles on supports
changed readily and reversibly by the adsorption of Cz and CO.

The addition of the second metal to form bimetal is an indispensable method for some indu-
strial catalysts. The addition effects are generally explained by the ensemble and ligand effects.
The structures of the bimetallic particles as well as the surface compesition are stated. The new
methods of preparation of supported bimetallic catalysts are introduced.
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Table 1 Metallic catalysts in industrial processes.

Uses

Reaction

Catalysts

Treatment of automobile

exhaust Reduction of NO.
Reforming [somerization
Dehydocyclization
Dehydrogenation

Steam reforming

Synthetic Reaction
Ethylene oxide
Formaldehyde
Nitric acid

Processes of oils and fats

Oxidation of NHz
Hydrogenation

Cxidation of CO, HC

Hydrocarbon--water — fuel gases

CeHa+1/205 — CaH4O
CHaOH - 1/20: — HCHO +H20O

Pt-Rh-Pd/Ce0.-LaOy-Al:Os

Pt/Cl-ALOs
Pt-Re/Cl-A1Os

Nifoxides

Ag-Cs/Al:Os
Ag

Pd-Rh

Pd, Ni
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Table 2 Summary of size and shape tendencies,

Radius of metal particle (A)
Catalyst Disk Cubes Spheres
(minihedra) | (midihedra) {(maxihedra}
Os on 3i0: =
Ru on S5i0s 47
Cu on SiQ: 19£5
Pt on Si0e 7E£3 G2 B2
Pt on AlOs b2 52 4£3
Ir on Si0e 62
Ir on ALOs 6+3
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Fig. 2 Methane formation rate in hydrogeno-
lysis of ethane following coxidation-reduction.
For each oxidation-reduction, the sample was
oxidized in fowing air at 500°C for 4h and
then reduced in Hz for another 4h at the
temperature indicated.

Fig. 3 Changes of Ru particles on Al:Qs by
treatment in Hz and Os.
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Fig. 4 Changes of TOF of CO+H: reaction
on RufAl:Os as a function of the Ru disper-
sion.

Fig. 5 Changes of the structure of Rh parti-
cles on 0.57 wt% Rh/AlzOs by CO admission
at 298 K.
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Fig. 6 Structure models of Cu clusters in Cu/ZnO at

various -temperature.
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Fig. 7 Variation of the turnover frequency
(TOF) of CH4-D2 exchange reaction with the
surface composition of Pt-Ru/SiQ-.

O stepwise exchange (CH:D formation at 440
K).
4 multiple exchange (CDa4 formation at 470 K}.
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Fig. 8 Possible structures of supported bime-
tallic catalysts. (I ) Segregated particles; (1)
phase sepatation in a particle; (I) cherry
model ; (IV) complete mixing (with surface
enrichment),
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Yig. 9 Surface composition vs internal com-
position for different values of the surface
enrichment factor 5. ® Pt-Ru/Si0s.
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