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Abstract — Methane could be converted to higher hydrocarbons by the two-step reaction using supported metal catalysts. At
the first stage methane contacted with metal surface to produce carbonaceous species and hydrogen. Carbonaceous species
then reacted with hydrogen to produce higher hydrocarbons at the second stage. Experiments were carried out with alumina-
supported ruthenium or platinum catalysts using a quartz tubular reactor. The reaction mixtures were analyzed with a mass
spectrometer and a gas chromatograph. The catalyst with too high hydrogenolysis activity produced mostly methane in the
second-stage hydrogenation reaction, resulting in the low selectivity toward higher hydrocarbons. When the catalytic activ-
ity for the hydrogenolysis reaction was too low, both the selectivity of higher hydrocarbons and the reaction rate were low.
Thus, it was concluded that the metal catalyst should have the moderate catalytic activity toward the hydrogenolysis reac-
tion for the maximum conversion of methane to higher hydrocarbons. Supported platinum catalysts exhibited the lower
hydrogenolysis activity than the supported ruthenium catalyst, producing larger amounts of higher hydrocarbons. Among
supported platinum catalysts, the 5% platinum supported on alumina catalyst, having the moderate hydrogenolysis activity,
was superior to the 0.5% Pt supported catalyst. The optimum temperature for the adsorption of methane on metal surface
was about 256C. The noble metal catalysts tested in this work can also be applied to the process of producing hydrogen by
direct decomposion of methane.
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Table 1. The surface area, dispersion and average particle size of supported

metal catalysts measured by CO chemisorption

Metal surface area Dispersion Average particle
Catalyst b gep

(m?lg) (%) size(nm)
5% PT/A|203 2.96 24.0 4.7
0.5% Pt/ALO, 0.85 68.5 1.6
5% Ru/ALO, 2.70 14.8 9.0
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Fig. 1. The exit gas concentration profiles measured by mass spectrom-

eter and gas chromatography during methane adsorption over 5%
PY/Al O, catalyst at 25°C with 200 cc/min methane flow rate.
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aceous species over 5% Pt/AD; catalyst at 250°C with 50 cc/min
hydrogen flow rate.
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