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An amorphous Ni-B alloy pretreated thermally between 350 and 410 "C exhibits an unusual change in catalytic 
activity which is related t o  the presence of metastable structures between amorphous and crystalline states. 

In a previous study on catalysis by amorphous alloys, we 
observed that the crystallization of amorphous Ni-P and Ni-B 
alloys resulted in a significant decrease in catalytic activity for 
the hydrogenation of alkenes.132 A similar effect on crystalli- 
zation was observed in the hydrogenations of carbon monox- 
ide over iron or nickel based amorphous all0ys,3~4 and of 
cis-cyclododecene and (+ )-apopinene over Pd-Si glasses.5.6 
In these studies the catzlytic activity over amorphous alloys 
was compared with those of the fully crystallized alloys 
prepared by heating the amorphous alloys at very high 
temperatures, but the structural change from amorphous to 
fully crystallized states may occur stepwise via metastable 
states. We report here the preparation and catalytic activity of 

a Ni-B alloy in a metastable state and the importance of the 
structural modification of the amorphous alloy to the pre- 
crystallization state for generation of the maximum activity. 

The hydrogenolyses of ethane and cyclopropane (structure 
sensitive reactions)' and the hydrogenations of ethene and 
isoprene (structure insensitive reactions) were carried out 
over a Ni62-B38 amorphous alloy1.2 to examine the structural 
changes of surface active sites caused by the thermal treatment 
of the alloy at different temperatures. The amorphous alloy 
was pretreated in the following order: (1) with 1.5 mol dm-3 
HN03, (2) with heat at a temperature in the range 300- 
510 "C under hydrogen (100 Torr) for 2 h, (3) with heat under 
oxygen (50 Torr) at 200 "C for 1 h, and (4) with heat under 
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Figure 1. Effect of thermal treatment of an amorphous Ni-B alloy on 
the catalytic activity. (a) r = Initial rate; A hydrogenation of ethene 
(PH2 145, PCZH4 55 Torr, at 100 "C), A hydrogenation of isoprene 
(PH2 145, PCsH8 55 Torr, at 150 "C), hydrogenolysis of ethane (PH2 
80, 40 Torr, at 330 "C), 0 hydrogenolysis, accompanied with 
hydrogenation, of cyclopropane (PH2 80, PC3.H6 40 Torr, at 300 "C); 
Calorific value (1 cal = 4.18 J). (b) R = Relative initial rate against the 
initial rate of hydrogenation of ethene; A isoprene, 0 ethane, 0 
cyclopropane; @ Selectivity for hydrogenolysis in the reaction of 
cyclopropane. 

hydrogen (100 Torr) at 300 "C for 2 h. The reactions were 
carried out in a conventional closed circulation system and the 
products were analysed by g.1.c. Initial rates of hydrogenolysis 
and hydrogenation were estimated from changes in the initial 
pressure and conversion, respectively. Differential thermal 
analyses (D.T.A.s) and X-ray diffraction (X.R.D.) studies 
were carried out to examine the amorphous and crystalline 
states of the pretreated alloys. 

Figure l(a) shows the effect of the thermal pretreatment 
temperature on the catalytic activity and on the calorific values 
estimated from D.T.A. The calorific values, which corre- 
spond to the heats evolved in the change from amorphous or 
metastable states to the fully crystallized state, began to 
decrease with the alloy pretreated at >350 "C. The catalytic 
activities increased with the treatment temperature up to 
350 "C and decreased abruptly on treatment at the higher 
temperature. In the X.R.D. pattern, the alloy pretreated at 
350 "C exhibited no peaks attributable to crystalline com- 

pounds, but those pretreated at 380 and 410 "C did. Intense 
peaks were observed in the latter case, along with the broad 
halo due to the presence of the amorphous alloy. Figure l(b) 
shows the effect of the pretreatment temperature on the 
relative catalytic activities of the hydrogenolysis of ethane, 
hydrogenolysis of cyclopropane accompanied with hydrogen- 
ation, and hydrogenation of isoprene to that of the hydrogena- 
tion of ethene. The effect on the selectivity for hydrogenolysis 
in the reaction of cyclopropane is also shown. These values 
also exhibited great changes in trend between 350 and 410 "C. 

The amorphous Ni-B alloy which exhibits the maximum 
activity does not involve crystalline compounds, but it is 
suggested that some rearrangement of the amorphous struc- 
ture towards crystallization starts at <350 "C and the structure 
in the precrystallization state is the most favourable for 
catalytic activity. The catalytic activity of the amorphous 
alloy decreases greatly between 350 and 410 "C although the 
X.R.D. and D.T.A. data indicate that the alloy consists of not 
only the crystalline compounds but also the amorphous alloy. 
This suggests that local rearrangement of the surface structure 
takes place prior to full crystallization of the bulk alloy, 
reducing the number of the surface active sites. Since the 
structure sensitive reaction involves multiple adsorption,7 the 
increase in the relative activity of hydrogenolysis to hydrogen- 
ation at >350 "C in Figure l(b) indicates that the change of 
the surface structure involving the aggregation of nickel atoms 
is promoted by the treatment at the higher temperature. The 
aggregation of nickel atoms and the increase in the surface 
content of boron oxides, which was observed in the e.s.c.a. 
spectra,* reduce the number of active sites, and the aggrega- 
tion eventually brings about the crystallization of the bulk 
alloy, leading to the low catalytic activity. 

The change in activity of the hydrogenation of isoprene 
relative to that of ethane, exhibiting a maximum value at 
380 "C, is unexpected because both reactions are structure 
insensitive. The selectivity for the hydrogenolysis of cyclopro- 
pane to ethane and methane exhibits a characteristic minimum 
value at 395 "C. These results observed with alloys pretreated 
between 350 and 410 "C seem to reflect delicate structural 
changes between amorphous and crystalline alloys, but 
further information about the structure of the metastable 
states is necessary for the explanation of the results above. 
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