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ABSTRACT

Results of studies intended for the substantiation of a new energy-saving and safe technology for
low cost hydrogen production have been presented. The technology's basis is direct mixing of
water and (or) gaseous hydrocarbons with heavy liquid metal coolants (HLMC) Pb or Pb-Bi.
Preliminary research has been done on thermal dynamics and kinetics of the processes taking place
in the interaction of HLMC with hydrocarbon-containing gases. It has been shown as a result that
water and gaseous hydrocarbons interact with molten Pb and Pb-Bi relatively quietly in chemical
aspect (without ignition and explosions). Therefore, (and taking into account the thermal physics,
physical and chemical properties of HLMC such as low pressure of saturated vapor of Pb and Pb-
Bi in enhanced temperatures, their good heat conductivity and heat capacity, low viscosity, etc.)
heat transfer is possible from the molten metal to water and hydrocarbons without heat transferring
partitions (that is, by direct contact of the working media). Devices to implement this method of
heating liquid and gaseous media provide essential advantages:

- A simple design;
- None heat-transferring surfaces subject to corrosion, contamination, thermal fatigue, vibration

impacts;
- A high effectiveness owing to a larger heat exchanging surface per volume unit;
- A small hydraulic resistance.
The possibility and effectiveness of heating various gaseous and liquid media in their direct

contact with molten Pb and Pb-Bi has been substantiated convincingly by experimental results at
IPPE. Besides, ttie following processes of hydrogen-containing media conversion have been proved
feasible thereby.

1. Water decomposition into hydrogen and oxygen. The process can develop at temperatures of
400-1000°C. It is necessary to provide constant removal of oxygen from the reaction zone and
maintain a minimum possible content of chemically active oxygen in the melt.

2. Pyrolytic decomposition of hydrocarbons into carbon and hydrogen (at t>500°C). A valuable
product is formed in this process - powdery carbon readily removable from the reaction zone
owing to a large density difference of carbon vs. liquid metal.

3. The oxidation conversion of hydrocarbons (at t>500°C). Hydrogen and CO2, hydrogen and
synthetic gas (H2 and CO mixture) can be obtained as end products. This process develops more
effectively compared to the traditional vapor conversion. The increase of conversion effectiveness
is caused by the new processes not employed before: hydrocarbon oxidation by oxides present in
the reaction zone as dissolved in the melt and in solid phase; co-oxidation of hydrocarbons by
evaporated water and HLMC oxides.
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As a result of enhanced effectiveness of oxidation conversion, the conditions for its fulfillment can
be considerably simplified - the working pressure, as well as the process temperature can be
decreased to the level at which it becomes possible to use structural materials, equipment, and
appropriate measures for the employment of technology with coolants that have been developed
and substantiated for operation in circuits with Pb and Pb-Bi coolants. The dimensions of «direct-
contact» devices for hydrogen production can be very small. Therefore, they can find application
both in large-scale hydrogen production, and in small-size (remote) sources of hydrogen.
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