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CH4 is an abundant energy source in the
earth. Most of CHs is currently used for
combustion to generate electric power and heat
because we do not have a chemical utilization
technology of CH4 except for the steam
reforming to syngas. This industrial process
needs large amount of energy and costs due to
a multi-step process. Therefore, the direct
conversion of CHy to chemicals and a liquid
fuel is a promising route for effective
utilization of natural gas. However, it is a
challenging reaction because of the low
reactivity of CHs. In dehydrogenative
aromatization of CH4, Mo/zeolite catalysts
have been studied since Wang et al. reported!"),
but the deactivation of the catalyst by coke
deposition is the key issue to improve the
catalytic activity. Recently, Guo et al. reported
that single Fe sites in a silica matrix catalyzed
conversion of CHy to ethylene, benzene and
naphthalene without coke deposition at high
temperature (> 1223 K)!*. We also reported
that the In/SiO, catalyst could convert CHy
into ethylene, propylene and benzene™ *. In
this study, we will report that the catalyst
reactivity and reaction mechanism of
dehydrogenative conversion of CHs (DCM
reaction) by the In/SiO; catalyst.

10 wt% SiO,-supported metal catalysts (10
wt% M/Si0O,) were prepared by an
impregnation method. The precursors were
dried at 393 K and calcined at 773 K in air.
Subsequently, the catalyst precursors were
reduced with H, at 873 K. M/SiO, (100 mg)
was set in a fixed-bed quartz reactor (I.D. 12
mm) and CH; (I atm, 10 mL min") was
introduced into the reactor at 1173 K.
Hydrocarbons and H, were analyzed by gas
chromatograph.

Fig. 1 shows (a) yields of hydrocarbons and
(b) CH4 conversion in the DCM reaction using
10 wt% M/SiO, catalysts at 1173 K. Ga, In
and Bi showed good catalytic activity for the
DCM reaction. In particular, the In/SiO;
catalyst was the highest activity among the
M/SiO; catalysts. In/SiO, showed that CHy
conversion was almost 5 % and a sum of
selectivity to hydrocarbons was approximately
75 %. The main products were ethane,
ethylene, propylene, benzene, toluene and
naphthalene. Selectivity to coke deposition
was 25 %. Transition metals such as Ni
showed high CH4 conversion, but the major
product was carbon. The melting and boiling
points of metallic indium are 430 K and 2345
K. Thus, liquid indium catalyzed the DCM
reaction. We will describe kinetic studies for
the DCM reaction and the unique catalysis of
indium in the presentation.
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Fig.1 (a) Yields of hydrocarbons and (b) CHy
conversion in the DCM reaction for 1 h over
10 wt% M/Si10, at 1173 K.
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