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In the 21st century, the role of alternative energy and, especially, hydrogen energy is growing
significantly. The main methods for producing hydrogen are steam catalytic reforming of natural gas [1] and
electrolysis of water [2]. Steam reforming is a large-scale production, however, it has significant
disadvantages: a high carbon footprint, incomplete methane conversion, and heating of steam to high
temperatures [3]. At the same time, electrolysis has low productivity and high energy consumption [4].
At present, a number of methods for obtaining hydrogen from hydrocarbons by plasma pyrolysis are
proposed [5, 6]. However, these methods are severely limited by the productivity of the facilities and the
period of their continuous operation. Features of power sources and the design of plasma devices
significantly affect the efficiency of the overall process. At the same time, plasma methods ensure the
creation of small local production facilities. Such plants can meet the demand for hydrogen for the
production of small-scale chemical products.
The report discusses a plasma-chemical facility for the pyrolysis of natural gas and light hydrocarbons.
It consists of a high-voltage AC plasma torch, a plasma-chemical reactor, a plasma torch power supply
system, a system for supplying reagents and analyzing reaction products.
The plasma torch consists of three water-cooled arc channels with end copper electrodes [7]. The
plasma torch has two zones for the supply of plasma-forming media. A shielding gas (argon) is supplied to
the near-electrode zone, and hydrocarbons are supplied to the electric arc burning zone. Thus, the electrode
insulators are protected from the ingress of electrically conductive graphitized soot into them. The power of
the plasma torch depends on the flow rates of plasma-forming media and the value of the electric current
regulated by the power source.
The plasma-chemical reactor is a hollow lined cylinder equipped with pressure sensors, hightemperature thermocouples, and sampling probes [8]. The content of solid particles in the produced products
was determined gravimetrically using a thimble quartz filter. The composition of the gas phase was
determined with a calibrated quadrupole mass spectrometer.
Four experiments were carried out with natural gas and propane-butane fraction. The conversion of
hydrocarbons primarily depended on the temperature in the plasma-chemical reactor. When the reactor was
preheated, the conversion of methane increased from 65% to 75%, and the conversion of the propane-butane
fraction increased from 75% to 85%. The analysis showed that the produced carbon black consists of two
fractions with different properties: graphite (70%) and polyaromatic hydrocarbons (30%). Also traces of iron
(up to 0.07% wt.) and other metals were found in the carbon black. This indicates the erosion of the metal
walls of the plasma torch during its operation.
Thus, it can be concluded that the plasma pyrolysis of hydrocarbons can be used to produce hydrogen
and carbon black. To accomplish this task, it is necessary to combine efforts in the development of highpower high-voltage plasma torches and their integration into the renewable energy system.
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