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The effects of the dehydrogenation of 2-propanol on the structure of an amorphous 
Cu61Zr39 alloy sample were analysed by means of scanning electron microscopy (SEM), 
energy dispersive X-ray microanalysis (EDAX), and Auger electron spectroscopy (AES). The 
inner and outer sides of the as-received amorphous ribbon differed considerably, indicating 
copper and zirconium enrichment, respectively. During a 24 h reaction dramatic changes in 
surface morphology and a substantial copper enrichment took place on both sides, resulting 
in very similar surfaces. 

The catalytic properties of amorphous metal alloys, a new, unique class of 
catalyst, are of considerable interest [1,2]. Numerous observations indicate that 
amorphous alloys of certain elements undergo substantial structural changes 
under certain reaction conditions, attaining stable and high catalytic activities. 
Thorough studies of Fe-B alloys in the hydrogenation of carbon monoxide 
revealed the details of the surface alterations and permitted the proposal of a 
surface model of the working catalysts [3-5]. 

From a catalytic point of view, the behaviour of bimetallic metal-zirconium 
alloys also merits, attention. The hydrogen-absorbing capability of these materials 
and the high affinity of zirconium towards oxygen are properties which might be 
beneficial in the transformation of the amorphous materials into active working 
catalysts. The reaction studied in most detail is the hydrogenation of carbon 
monoxide catalysed by zirconium-containing alloys with group VIIIb or Ib 
metals. Pd-Zr [6], Ni-Zr [7,8], Au-Zr [9] and Cu-Zr [10,11] alloys all exhibit high 

+ Part 1: see ref. [18]. 
* To whom correspondence should be addressed. 

�9 J.C. Baltzer A.G. Scientific Publishing Company 



362 T. Katona et al. / Structure of amorphous Cu-Zr alloy 

catalytic activity after a transitional period during which a significant enlarge- 
ment of the B.E.T. surface area takes place. Further examples are the in situ 
activation of an Fe-Zr alloy sample used in ammonia synthesis [12-14] and the 
transformation of Pd-Zr or Cu-Zr alloy precursors into catalysts which are highly 
active in the oxidation of CO [15] or in the hydrogenation of CO 2 [16,17]. 

In the first part of this series [18], we reported our results on the detailed 
catalytic studies of amorphous Cu-Zr alloy samples in the dehydrogenation of 
2-propanol. The effects of different types of pretreatment of the amorphous 
samples on their activity, selectivity and stability were studied in detail. The 
results of different structural studies (DSC, XRD and surface area measurements) 
were used to correlate the activities of the catalysts with their structure. Compari- 
sons were also made between the activities and stabilities of catalysts prepared 
from the amorphous alloy precursors and those of traditional catalysts (copper on 
zirconia, copper foil, copper powder). 

The amorphous ribbon precursors were prepared by the melt-quenching 
method. The pre-mixed melt of the master alloy with a nominal composition of 
Cu61Zr39 was rapidly quenched in air by the rotating wheel technique to yield 
ribbons 30-100/~m thick and 5-10 mm wide. The catalytic tests were performed 
in a flow reactor at atmospheric pressure (60 mg alloy in the form of 1 cm long 
and 1-2 mm wide strips, with a total flow rate of 30 ml rain-l) .  Hydrogen (or 
nitrogen) bubbling through the reactant was used as carrier gas to feed 2-pro- 
panol vapour into the reactor operating at 573 K. 

The most striking feature of the amorphous Cu-Zr alloy samples was their 
continuous activation during the dehydrogenation of 2-propanol. In each cata- 
lytic run, there was a marked initial increase in activity. After a further, slow 
activation, a significant conversion of 2-propanol to acetone was attained (fig. 1). 
In parallel, continuous increases were observed in the copper surface areas of the 
alloy samples (N20 decomposition at 363 K, GC pulse method [19,20]) de- 
termined after certain short time intervals (fig. 1). 

In this letter we report results on the surface changes which induce the 
significant variations in the catalytic activity and explain the increase in metal 
surface area of the amorphous Cu-Zr ribbon samples in dehydrogenation. 

It is known from the literature [21-25] that the thermal treatment of Cu-Zr 
alloy samples in hydrogen results in substantial changes in bulk structure and 
surface morphology. To exclude these effects of hydrogen, nitrogen carrier gas 
was used instead of hydrogen to prepare samples for SEM (Tesla BS-300 
equipment) and AES measurements in the present study. 

AES studies were performed in an UHV apparatus at a base pressure of 
5 • 10 -8 Pa (turbomolecular pump, titanium gettering). Data on the primary 
electron beam: 2 keV energy, 3 eV modulation, 45 ~ incident angle. The current 
density on the sample was 10/zA. For depth profiling 2 keV Ar + sputtering was 
used. Auger electrons were analysed by a hemispherical analyser. The spectra 
were recorded in the first-derivative mode using Lock-in amplifier. The con- 
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Fig. 1. Changes in catalytic activity and copper surface area (Scu) in the dehydrogenation of 
2-propanol on an amorphous Cu61Zr30 alloy sample (60 mg catalyst, hydrogen carrier gas, 573 K). 

centrations were determined from the Auger peak-to-peak intensities of copper 
L M M  (920 eV), Zr M N N  (147 eV), and O KLL (520 eV) transitions. 

The SEM images of the two sides of the as-received alloy revealed completely 
different surface structures characteristic of melt-spun ribbons. The dull, inner 
face (also called the rapidly quenched side), which was in contact with the 
rotating wheel during the fabrication of the alloy, had a rugged surface with fine 
grooves parallel to the edge of the ribbon (fig. 2, a). The shiny, outer (or 
free-surface) side was much smoother than the inner side (fig. 2, b). Only hillocks 
appeared, which were less frequent and larger than the grooves on the other side 
of the sample. 

During the dehydrogenation of 2-propanol, dramatic changes took place in the 
surface morphology. As a result of the catalytic reaction, the two sides of the 
ribbon became very similar. The SEM images indicated the formation of a rough 
structure on both sides (fig. 3), similar to the meander-like pattern formed upon 
thermal treatment in hydrogen [21,24]. EDAX measurements indicated that these 
newly developed formations growing on the original surface consisted essentially 
of copper. 

The AES results agreed nicely with the above observations. Besides the 
different surface morphology, the surface compositions of the two sides of the 
as-received sample differed considerably. The inner side exhibited a high con- 
centration of copper (fig. 4, a). In contrast, the outer side was rich in zirconium 
(fig. 4, b). The high oxygen content of the sample resulted from the fact that the 
ribbon was melt-spun in air. A small amount of carbon (not shown in the figures) 
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Fig. 2. Scanning electron micrographs of the dull, inner (a) and the shiny, outer (b) side of the 
as-received alloy (scale bar = 10/~m). 

was also detected. The dehydrogenation reaction transformed the two sides into 
surfaces with similar compositions. Further copper enrichment took place on the 
inner side, while the zirconium-rich outer side became copper-rich (fig. 5). 

Certain features of the AES results require further discussion. The heterogene- 
ity of the as-prepared Cu-Zr ribbon is not surprising and is due to the method of 
fabrication (melt quenching in air). It is well known that alloys of electropositive 
(e.g. Zr, Ti) and electronegative (e.g. Cu, Ni, Pd) elements undergo surface 
segregation upon exposure to oxygen. An oxygen-induced Zr enrichment and 
selective oxidation of Zr at the surface were found in Ni-Zr and Cu-Zr alloys 
[25-29]. As regards the zirconium and oxygen profiles of the samples, it follows 
from these latter observations, that the Zr on the surface is obviously not present 
as metallic Zr, but as ZrO> In the bulk, where the C u / Z r  ratio corresponds to the 
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Fig. 4. AES depth profiles of the two sides of the alloy before reaction, a: inner side, b: outer side. 

nomina l  composi t ion,  the concent ra t ion  of  O is abou t  twice as high as tha t  of  Zr. 
Al though  this might  suggest the presence of  ZrOe, our  other  observat ions  (XRD,  
DSC and N M R  results on  the as-prepared and  hydrogen- t rea ted  alloys [30]) 
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rather point to a Cu-Zr-O ternary structure. In contrast, all the available 
information indicates that the Zr in the sample after reaction is definitely present 
as Zr02. 

On the basis of these new observations, the increase in copper surface area 
resulting in the continuous increase in catalytic activity is due to two different 
structural reasons. SEM measurements indicated that the catalytic reaction 
brought about the formation of rough, new surfaces. On the other hand, AES 
demonstrated that both sides of the ribbon also underwent drastic transforma- 
tion, yielding copper-rich surfaces. The latter gave rise to an increase in the 
concentration of surface copper species active in catalytic dehydrogenation. The 
former led to an increase in surface area in absolute terms, including the active 
sites. 

The results discussed above correlate well with those of Baiker and co-workers 
[21-24]. They also observed the segregation of copper to the surface during the 
prolonged hydrogen treatment (473 K, 16 h) of an amorphous Cuv0Zr30 alloy 
sample. The changes they detected in surface morphology were very similar to 
those found in our sample after reaction. Since their sample was prepared in Ar, 
differences between the two sides of the ribbon were not mentioned in their 
papers. The unusual copper segregation was attributed to the hydrogen treatment 
at elevated temperature and to the presence of oxygen in the bulk. They 
emphasized the importance of the alloy composition and the amorphous structure 
(lack of long-range order) as well. In contrast with this, crystalline Cu-Zr alloys 
also exhibited Cu precipitation at the surface after annealing in hydrogen [25]. 

Comparison of the two sets of experimental data and an analysis of the 
literature observations strongly suggest that the changes in our alloy precursor 
can similarly be attributed to the factors mentioned above. The decisive factors 
resulting in the drastic structural changes in the amorphous alloy precursor are 
the presence of oxygen in the alloy, the hydrogen formed during the dehydro- 
genation reaction, and the high reaction temperature. 
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