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Clean hydrogen can be produced in the direct non-oxidative decomposition of methane over
nanosized catalyst. Metal nanoparticles always appeared at the tip of the carbon product as carbon
nanotube or carbon nanofilaments. We reported the use of a nanosized Fe catalyst to decompose
methane, rather than the conventional choice of nickel based catalyst. We find the activity of metal
catalyst is strongly influenced by the structure of carbon. Small Fe nanoparticles had very high
activity for this reaction, due to the unstable iron carbide in nanosize. Smooth carbon diffusion
resulted in the super long catalyst life time of individual 2-3 nm Fe nanoparticles at the temperature
of 1000 °C. On the other hand, we still made great effort to decrease the reaction temperature of this
process, which is much effective to increase the catalyst lift time and is favorable for the process
control in large scale production. One effective way is to use highly active hydrocarbons to enhance
the decomposition of methane. Thermal couple effect was observed in the coupled decomposition of
ethylene or acetylene, which is exothermic reaction, with the decomposition of methane, which is an
endothermic reaction. Finally we also discussed the reactor design concept for this special process.
The accumulation of coke on the catalyst with rapid increase of product volume, although not
resulting in the deactivation of the catalyst under careful control, changed the contact time of
methane with the diluted metal catalyst inside carbon. Counter-current contact manner of catalyst
with the methane in multistage fluidized is effective to realize the high efficient production of
hydrogen and nanocarbon.
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