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Reactivity of Carbon Deposited on Nickel-Copper Alloy Catalysts 
from the Decomposition of Methane 

The catalytic effect of Ni-Cu alloys in 
many reactions has been the subject of a 
number of publications, including two re- 
views (1,2). Some of these publications re- 
fer to supported alloys, and the influence of 
copper on their activity as catalysts (3- 
8). Recently, the authors studied the steam 
reforming and the decomposition of meth- 
ane on silica-supported Ni-Cu catalysts, to 
evaluate whether copper addition de- 
presses the formation of carbon without af- 
fecting the main reaction (9). 

It was found that, in the absence of 
steam, the carbon deposition rates de- 
pended both weakly (below 10 at.% Cu) and 
significantly (above 10 at.% Cu) on the cop- 
per content. At very high copper concen- 
trations (80 at.%), a new carbon structure 
was observed in which various filaments of 
nearly amorphous carbon were attached to 
the same metallic particle. This “octopus” 
carbon could not be observed at lower cop- 
per concentrations, in which the usual 
“whisker” structure, consisting of fila- 
ments with a metallic particle at the top (10) 
predominated. For these concentrations, 
the carbon formation/gasification equilib- 
rium in CHd-Hz mixtures was the same for 
the Ni-Cu alloys as for pure nickel cata- 
lysts. 

In order to evaluate the effect of the cata- 
lyst composition on the nature of the car- 
bon deposits formed on it, and the reactiv- 
ity of the latter towards hydrogen, a se- 
ries of temperature-programmed reactions 
(TPR) was performed. Silica-supported Ni- 
Cu catalysts, prepared by “dry” impregna- 
tion and characterized in the same way as 
in the previous study (9) were used. Carbon 

was deposited on them, from CH4-H2 mix- 
tures in constant conditions (850 K, PCH4 
= 13 kPa, PcH2 = 7 kPa, N2 as balance), in 
a reaction system consisting of a C.I. Elec- 
tronics MK2B microbalance and associated 
flow reactor. Gasification thermograms 
were obtained by heating the carbon de- 
posit at constant heating rate under a flow 
of hydrogen, using a Mark III Stanton 
Redcroft Temperature Programmer (II). 
The derivative thermogravimetric curves 
that yield information on the reactivity of 
the deposits are presented in Fig. 1 for the 
different alloy compositions. 

In the figure, the “peak temperatures,” 
Tr, which correspond to the maxima in the 
rate of methane production, are character- 
istic of the reactivity of the different types 
of carbon in the deposit (22). As a general 
rule, a higher peak temperature corre- 
sponds to a carbon state of lower reactivity. 
Several of these states have been identified 
in carbon deposited from CzH4 on Ni/A1203 
(13). The Tp values obtained from Fig. 1 are 
summarized in Table 1 for the compositions 
studied. 

From Fig. 1 and Table 1 it can be con- 
cluded that under the conditions used either 
one or two types of carbon can be identified 
for each catalyst (below and above 10 at.% 
Cu, respectively). For the pure nickel cata- 
lyst, the value of Tp is close to that reported 
by McCarty and co-workers (13) for the 
gasification of filamentous carbon depos- 
ited on nickel after exposure to ethylene at 
773 and 873 K (875 ? 20 K). Similar work 
was done on deposits ex &He formed on 
nickel and iron foils (II). The values of Tp 
obtained were 905 and 1030 K, for nickel 

545 
0021-9517/86 $3.00 

Copyright 0 1986 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 



546 NOTES 

0 0 

A 0.1 

. 1 

x 10 

. 25 

.so 

7w 800 ooo looo 1100 1200 1300 
T/K 

FIG. 1. Temperature-programmed gasification of carbon deposited on Ni-Cu catalysts. Conditions: 
heating rate = 0.1 K s-l, PH2 = 50 kPa, N2 as balance. Total flow: ca. 0.6 mole h-i. Catalysts: 20 wt% 
total nickel plus copper, nominal bulk copper concentrations in the metallic phase as indicated. Initial 
weight of carbon: 1.6 to 2.4 mg. 

FIG. 2. Electron micrograph of the carbon deposited on 25 at.% Cu catalyst (“octopus” carbon). 
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TABLE 1 

TPR Characterization of the Carbon Deposited” on 
Ni-Cu/SiOz Catalysts 

At.% of Cu in the 
metallic phase 

Tp, W Tp2 W 

0 820 - 
0.1 825 - 
1 815 - 

10 935 1145 
25 1020 >1200 
50 1030 >1240 
80 1060 >1200 

a Deposition temperature: 850 K, carbon ex-CH, . 

and iron, respectively. Previous electron 
microscopy observations indicated that 
most of the carbon formed on samples with 
less than 80 at.% Cu was of filamentous 
whisker-type nature (9). Hence, it may be 
concluded that the TpI values measured for 
all the copper concentrations correspond to 
the gasification of this type of carbon. It is 
seen in Fig. 1 that the reactivity decreases 
with increasing copper content and that, 
above 10 at.% Cu, another type of carbon 
appears in the deposits in increasing 
amounts from 25 to 80 at.% Cu. 

Inspection under the electron micro- 
scope of the deposit formed on the 25 at.% 
Cu catalyst revealed considerable amounts 
of “octopus” carbon, similar to the carbon 
previously observed on the 80 at.% Cu cat- 
alyst (9), with metallic particles whose di- 
ameters were two to three times larger than 
that of the filaments attached to them. A 
typical structure is represented in Fig. 2. 

This observation suggests that “octo- 
pus” carbon may be responsible for the 
second peak present in the thermograms. 
The carbon in the filaments of this structure 
is observed to be much less ordered than 
that in the outer shell of the filaments of the 
“whisker” carbon and, consequently, Tp 
should be lower. However, in the “octo- 
pus” carbon, the metal should play a much 
lesser role in the gasification which can al- 
most be considered noncatalytic. Thus, a 

higher Tp should be expected in this case. 
With the 80 at.% catalyst, in which “octo- 
pus” carbon is known to predominate (9), 
the first peak is almost nonexistent. Al- 
though it is difficult to obtain with this cata- 
lyst a deposit large enough to allow for a 
proper TPR, it is evident that the form of 
carbon corresponding to Tp2 is the dominant 
one. 

It can be concluded that “octopus” car- 
bon may be present in all deposits formed 
on Ni-Cu/SiOz catalysts with more than 10 
at,% Cu in the metallic phase, together with 
“whisker” carbon, i.e., on the catalysts for 
which the metal particle surfaces are 
strongly enriched in copper (9), and it pre- 
dominates at 80 at.% Cu. This may be re- 
lated to the change from a type I to a type II 
reaction according to the classification of 
Ponec (2) observed in the deposition from 
CH4 above 10 at.% Cu (9). 
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