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ABSTRACT

Biogas produced by methane fermentation of biomass has attracted attention
as a new resource of hydrogen, instead of fossil fuel. However, desulfurization
and methane purification are needed as pre-process for hydrogen generation by
steam reforming of biogas because the biogas consists of 60% of methane (CH4),
40% of carbon dioxide (CO2) and a few thousand ppm of hydrogen sulfide (H2S).
In the plasma reforming of biogas, which has been proposed as a new technique,
hydrogen generation and desulfurization can be done simultaneously using
highly active species in discharge plasma; therefore, this method does not
require the pre-process.

CH4/CO:2 mixture gas is mainly used as an artificial biogas in studies on the
plasma reforming of biogas, and plasma reforming characteristics of an artificial
biogas containing H2S have been reported in a few papers. Further, the aims of
the studies are limited to increase the decomposition rates of biogas and

hydrogen yield. Although the decomposition rates and hydrogen



generation-efficiency are important for the plasma reforming of biogas,
clarification of the kinds and concentration of by-products is also necessary.

In this work, an atmospheric dielectric barrier discharge (DBD) and an
atmospheric packed bed dielectric barrier discharge (PB-DBD) is generated in
an artificial biogas, which is a mixture of CHs4, CO2 and H2S, and then
by-products from the biogas are clarified in detail using infrared absorption
spectroscopy, gas chromatography and gas chromatography mass spectrometry.
The decomposition characteristics of the artificial biogas with and without H2S
are also investigated. Further, the decomposition rates of CH4, CO2 and H2S and
hydrogen generation-efficiency are deduced, and then the decomposition rates
and efficiency are compared with those from previous works.

H2, CO, organic sulfur compounds such as mercaptan and sulfide,
hydrocarbons (CxHy), aldehydes, alcohols, carboxylic acids and ketones are
produced from the biogas, and H2 has the highest concentration in the by-
products, followed by CO and CxHy. It is found that no significant changes are
shown in the decomposition rates of biogas and the concentrations of
by-products with and without H2S. Thus, H2S has little effect on the plasma
reforming of biogas. In the plasma reforming of biogas using PB-DBD, it is also
found that sulfur atoms in H2S deposit to electrodes and packed materials, and
that HsaS is resynthesized. The decomposition efficiency of biogas and hydrogen
generation-efficiency when PB-DBD is used are higher than those when DBD is

used, and are almost equivalent to those from the previous works.
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