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Abstract

The paper describes the laboratory stand of the Gas Institute of the National Academy of
Sciences of Ukraine, designed for gasification of hydrocarbon-containing waste and presents the
results of their work. The possibility of producing gaseous fuels for replacing natural gas in fuel-
using units is shown.
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Waste generation accompanies most types of societal activity. Those types of waste for which
effective recycling technologies have been developed for beneficial use become a resource. Thus, the
creation of a technology aimed at the beneficial utilization of waste provides a dual effect when
implemented.

At the Gas Institute of the National Academy of Sciences of Ukraine, work is being conducted on
the gasification of waste of various origins and physical states, with the aim of producing combustible
gases—both as a resource for thermal equipment and for supporting chemical transformations.

The gasification of liquid hydrocarbons enables the processing of liquid waste from sunflower oil
production, including soapstock, hydrofuze, tank sediment, and foots. The volume of such waste
reaches up to 7,000 tons per year. The energy potential of these effluents—currently requiring
resource-intensive treatment—could substitute approximately 840,000 m? of natural gas annually [1].
The economically justified energy potential of solid agricultural waste exceeds 11 million tons of oil
equivalent [2]. Other significant resources for processing include dried sludge from wastewater
treatment, used car tires, and more. [3,4]

Main goal of this research was to develop waste processing technologies to realize the energy
potential of wastes. To achieve this goal, a series of test rigs has been created at the Institute, enabling
the thermal destruction of carbon-containing feedstock under conditions of air and oxygen-enriched
air blasting. The processing of liquid waste is carried out using a stand designed for studying the
process of plasma reforming of waste (Figures 1, 2).

The working section of the stand (Figure 1) consists of a cylindrical metal discharge chamber and
a sealed metal reaction chamber isolated from the atmosphere. A cylindrical T-shaped electrode (1)
is inserted into the chamber through a dielectric sleeve (2) located in the upper metal flange. This
electrode functions as the anode and is supplied with a high energy potential. The anode’s vertical
position can be adjusted, allowing the distance between the electrodes to vary from a minimum of 2
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mm to a maximum of 10 mm. The flange (3) serves as a grounded cathode. A spark discharge is
initiated between the T-shaped cylindrical electrode (1) and the upper metal flange (3), which has a
replaceable sleeve (4) in its center; the discharge end slides through an opening in this sleeve.

The oxidizer is injected under high pressure through channel (5), where calibrated nozzles are
installed tangentially to the reaction chamber wall, creating a vortex flow (6) directed toward the
spark discharge. The plasma jet (7) enters the reaction chamber (8). Two thermocouples are mounted
on the outer wall of the working chamber—one at the top, one at the bottom—to measure wall
temperature: T, (wall temperature at the top) and Tp (wall temperature at the bottom). The
hydrocarbon-steam mixture is fed through opening (9), and the oxidizer through opening (10). As in
the spark discharge chamber, material flows are tangentially injected at high pressure into the working
chamber via channels (11) with nozzles, forming a reverse vortex flow (12). Centrifugal force drives
the mixture of hydrocarbons, steam, and oxidizer along the wall to the upper part, where oxidizer
activated by the spark discharge is introduced.
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Fig. 1. Schematic diagram of the
working section of the plasma Fig. 2. Schematic diagram of the plasma
reforming unit for liquid carbon- hydrocarbon gasification stand

containing waste

The mixture then slows down and is displaced toward the central axis of the reaction chamber,
descending with the oxidizer flow. The resulting gaseous gasification products exit the working
chamber through opening (13) for further use.

The process is stabilized by the high-voltage transformer (14), the power pulse of which can be
adjusted to influence the composition and properties of the gaseous products generated from
hydrocarbon oxidation.

Designation on Figure 2: 1 — air compressor; 2 — steam superheater; 3 — hydrocarbon tank; 4 —
air receiver tank; 5 — high-pressure pump; 6 — high-voltage transformer; 7 — plasma initiator; 8 —
working section of the gasifier; 9 — cooler; 10 — condensate collection chamber; 11 — hot water
boiler; 12 — gas meter.

The composition of the producer gas produced from sunflower oil and liquid pyrolysis furnace
fuel in the process of thermal decomposition of these liquid hydrocarbons is given in Table 1.
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Table 1. Composition of generator gas

Composition of gaseous fuel Qlower,

H> N2 | CO |CH4| CO2 |C2H4| CsHs|CaH10|H.0| MI/M®

Sunflower oil, % (vol.) 7,8 40,91 11,15 7,6723,6 2,87 0,82 1,22 2,41 8,89
Stove fuel, % (vol.) 9,2 34,31 14,46 9,1419,72 4,04 3,67 0,44 3,34 13,75

Substance

The conducted studies on liquid fuel reforming have shown the following:

e the calorific value of the producer gas generated from sunflower oil is 8.89 MJ/m3, and from
liquid furnace fuel — 13.75 MJ/ms3; the efficiency of the gasification process is 80-84%; the effi-
ciency of thermal energy production by combusting the gaseous fuel in a boiler, after prior gasifica-
tion of the liquid fuel, does not exceed 72%.

¢ In comparison with calorific value of natural gas, produced gas, generated from 1 kg of liquid
wastes, can replace 0.75 m?3 of natural gas. Thus, creating a way to realize the energy potential
of liquid wastes.

e With the help of synthesis gas, it is possible to replace natural gas or part of it in existing water
heating boilers; heat up boilers during the start-up of a thermal power plant in order to save on more
expensive energy carriers; replace part of the natural gas used in boiler rooms; increase the combus-
tion efficiency of traditional fuels.
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AHoTanin

VY crarti onucano naboparopHuii crena Incturyty razy HamionansHol akagemii HayK YkpaiHu,
MpU3HauYeHUW 11 razudikaiii BYTJI€BOJHEBMICHUX BIXOIB, Ta MPEJCTABICHO PE3yJIbTaTH HOTO
po6otu. [TokazaHO MOXKIUBICTH BUPOOHUIITBA Ta30M0A10HOTO MaJUBa Ui 3aMIIEeHHs TPUPOTHOTO
rasy B NAJINBOBUKOPUCTOBYIOUHX yCTAaHOBKAX.

Karouogi ciioBa: nepepoOka BiAX0/1iB, ra3udikailisi, 3aMilieHHs! BUKOITHOTO MajnBa, TePMIYHA
JECTPYKITis.
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