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Parameters Affecting the Reorganization of Supported Metals 

Sintering of supported metal catalysts 
under reaction conditions is particularly 
undesirable in that it usually leads to 
permanent deactivation by loss of metal 
area and gain in crystallite size. Recent 
studies have shown that low temperature 
sintering of silver and of nickel results 
from surface diffusion of these metals (1). 
Agreement has been observed between ex- 
perimental observations and the theoretical 
predictions of the dependence of the ki- 
netics of sintering on temperature, metal 
thickness, and the nature and pressure of 
the ambient gas. 

The theory also predicts that the rate 
of sintering should be dependent on the 
chemical and physical state of the support 
surface and on the difference in surface 
energy between the support and the metal. 
Recent quantitative studies have con- 
fimed this prediction for silver sintering 
in oxygen (2, 3) : the present note reports 
preliminary measurements to show that 
the same processes are important for other 
metals (4, 6). 

Studies have been carried out using 
copper, nickel, and silver films in the 
presence of hydrogen or oxygen. Four sup- 
ports were used for each metal ; namely, 
flame blown silica, quartz, magnesia, and 
sapphire. Approximately 1000 A of metal 
was evaporated onto the surface of the 
clean support, and the sample was then 
placed in a reactor through which the 
appropriate gas was passed. The sample 
was then brought to the required tem- 
perature (3~ 1’C) as rapidly as possible, 
left for some time, and then cooled. The 
extent of reorganization was then checked 

by electron optical examination in a JEOL 
Jem 7 transmission electron microscope 
and a Cambridge Instruments Stereoscan 
scanning microscope. 

No reorganization was observed with 
the Ni/Oz and Ag/Hz systems, but ex- 
tensive reorganization occurred in all other 
cases. Some of the results obtained with 
silica and sapphire, the two supports that 
showed most difference in behavior, are 
shown in Figs. 1 and 2. In all cases, 
hydrogen-accelerated reorganization occur- 
red at considerably higher temperatures 
than oxygen-accelerated reorganization, as 
would be expected from the known effects 
of oxygen on rates of surface diffusion 
(1, ‘3). 

It is known that reorganization of 
metals in these types of systems proceeds 
in a sequence of hillock formation, hole 
formation, island formation, and final 
equilibration of the islands (1, 2). In these 
terms, reorganization of silica-supported 
metals had occurred to a greater extent 
than sapphire-supported metals in the 
presence of both gases. Comparison of 
Fig. 1C and 1D shows that silica-sup- 
ported nickel had reorganized to the point 
of producing islands, while sapphire-sup- 
ported nickel had reorganized to the point 
of hole formation only. Although copper 
had reorganized almost completely over 
both supports (Fig. 1E and lF), the 
islands were closer to their equilibrium 
shape over silica (1). 

Again, in the presence of oxygen, hillock 
formation had occurred to a much greater 
extent for copper on silica as compared 
to copper on sapphire (Fig. 2a and 2b), 
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FIG 1. Hydrogen-accelerated sintering. (A) Ni/SiOz: as deposited; ~;5200. (B) Ag/SiOz: 
deposited; x 5200. [Cu/SiO, is indistinguishable from this.] (C) Ni/SiOl: 600°C; 60 -rn’ 
X 9600. (D) Ni/Sapphire: 600°C; 60 min; X 9600. (E) Cu/SiOn: 680°C; 20 min; x-9600. ( 
Cu/Sapphire: 68OW; 20 min; X9600. 

as 
in; 
F) 
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Fra. 2. Oxygen-accelerated sintering. (a) Cu/SiOz: 270°C; 50 min; X 5200. (b) Cu/Sspphire: 
270%; 50 min; X 5200. (c) Ag/SiOz: 245%; 45 min; X 8300. (d) Ag/Sapphire: 245%; 45 min; 
x 8800. 

while hole formation was more advanced 
for silver on silica than for silver on 
sapphire (Fig. 2c and 2d). 

The results show that the rate of re- 
organization of the metal is dependent on 
the nature of the metal (cf. Fig. 1C and lE), 
on the support (cf. Fig. 1C and 1D) and 
on the ambient gas (cf. Figs. 1E and 2a). 
Quantitative assessment of the relative 
importance of these different factors has 
been obtained for silver (1, g), and further 
work is in progress to elucidate the nickel- 

hydrogen, copper-oxygen, and platinu 
oxygen systems. 
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