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Abstract: A new technology for gasification of organic waste with a high-temperature gasifying agent (GA) based
on gaseous detonation products of a methane–oxygen mixture with temperatures above 1500–2000 ◦C is used for
gasification of three types of oil sludges: ground oil sludge, tank oil sludge, and petcoke — a product of secondary
oil refining, which are mixtures of branched aliphatic hydrocarbons with a small amount of aromatic hydrocarbons,
contain large amounts of carbon (77–85 %(wt.)) and sulfur (2.1–3.5 %(wt.)) and have a higher heating value

of 28–36 MJ/kg. Experiments show that dry gasification products contain 80–90 %(vol.) combustible gas which
contains 40%–45% CO, 28%–32% H2, 5%–10% CH4, and 4%–7% noncondensable C2–C3 hydrocarbons.
The gasification process is accompanied by the removal of mass from the reactor in the form of ultrafine solid
ash particles with a size of about 1 µm. Ash particles have a mesoporous structure with a specific surface area
from 3.3 to 15.2 m2/g and a wide range of pore sizes from 3 to 50 nm. The measured wall temperatures of
the gasification reactor (600–630 ◦C) are in good agreement with the calculated value of the thermodynamic
equilibrium temperature of the gasification products (approximately 730 ◦C). The measured CO content in
gasification products is in good agreement with thermodynamic calculations and the reduced H2 content and
increased CH4, CO2, and CxHy contents are apparently associated with the nonuniform distribution of the
waste/GA mass ratio in the gasifier. To increase the yield of hydrogen, it is necessary to improve the mixing of waste
with GA. It is proposed to mix crushed petcoke with oil sludge to form a paste and feed the combined waste into
the gasifier using a specially designed piston feeder.
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Figure Captions

Figure 1 Photographs of oil wastes: (a) ground oil sludge; (b) tank oil sludge; and (c) petcoke

Figure 2 Infrared spectra of ground oil sludge (a) and tank oil sludge (b)

Figure 3 1H (a) and 13C (b) nuclear magnetic resonance (NMR) spectra of ground oil sludge sample

Figure 4 1H (a) and 13C (b) NMR spectra of tank oil sludge sample

Figure 5 Schematic of the experimental setup: 1 — mixing and ignition device; 2 — spark plugs; 3 — test section of the pulsed
detonation gun (PDG); 4 — cooling system; 5 — gasifier; 6 — gas sampling system; 7 — ionization probes; 8 — valves for
oxygen and fuel lines; 9 — reducers; 10 — pressure sensors; 11 — oxygen receiver; 12 — methane (natural gas) receiver; 13 —
oxygen source; and 14 — methane (natural gas) cylinder

Figure 6 Photograph of a gasifier with an attached PDG (a) and a gas cleaning system (b)

Figure 7 Example of ionization probe records during PDG operation in 13 consecutive cycles (a) and an exploded view of one
cycle (b)

Figure 8 Examples of thermocouple records in the gasifier wall (1) and in the gas in the upper part of the gasifier (2)

Figure 9 Gas analyzer records in an experiment with ground oil sludge
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Figure 10 Gas analyzer records in an experiment with petcoke

Figure 11 Gas analyzer records in an experiment with the supply of a paste consisting of petcoke and tank oil sludge with a mass
ratio of 1 : 1

Figure 12 The photograph of the ash extracted from the large and small cyclones of the gas cleaning system after the
experiment (a), and size distributions of ash particles averaged over three samples (b) for four types of waste: 1 — ground oil
sludge; 2 — tank oil sludge; 3 — petcoke; and 4 — tank oil sludge – petcoke (1 : 1)

Figure 13 Adsorption (filled symbols) and desorption (empty symbols) isotherms of nitrogen N2 at 77 K for the studied samples
of ash residue particles: 1 — ground oil sludge; 2 — tank oil sludge; 3 — petcoke; and 4 — tank oil sludge – petcoke (1 : 1) paste

Figure 14 Pore size distributions measured by the BJH (Barrett–Joyner–Halenda) method: 1 — ground oil sludge; 2 — tank
oil sludge; 3 — petcoke; and 4 — oil sludge – petcoke (1 : 1) paste

Figure 15 Equilibrium parameters of dry products of oil waste gasification in the GA environment versus the waste-to-GA
mass ratio. Gasifying agent is represented by the detonation products of a stoichiometric methane–oxygen mixture expanded to
atmospheric pressure. The wide vertical bar corresponds to the waste-to-GA mass ratios in the experiment. Two narrow vertical
bars conditionally show two possible local values of waste-to-GA mass ratios in the gasifier caused by the spatial nonuniformity
of waste distribution

Table Captions

Table 1 Results of elemental analysis of oil waste samples

Table 2 Higher heating values of initial oil wastes

Table 3 Calculated composition of detonation products of a stoichiometric methane–oxygen mixture expanded to an initial
pressure of P0 = 0.1MPa

Table 4 The summary table for all experiments performed

Table 5 Elemental analysis of ash residues of oil waste samples

Table 6 Higher heating values of ash residues from oil wastes

Table 7 Specific surface area and parameters of the porous structure of oil waste samples

Table 8 Characteristics of initial oil wastes

Table 9 Characteristics of ash residues from oil waste

Table 10 Results of granulometric analysis for three samples for four types of oil wastes

References

1. Hameed, Z., M. Aslam, M. Khan, K. Maqsood, A. E. Ata-
bani, M. Ghauri, M. Shahzad Khurram, M. Rehan, and
A.-S. Nizami. 2021. Gasification of municipal solid waste
blends with biomass for energy production and resources
recovery: Current status, hybrid technologies and innova-
tive prospects. Renew. Sust. Energ. Rev. 136:110375. doi:
10.1016/j.rser.2020.110375.

2. Roncancio, R., and J. P. Gore. 2021. CO2 char gasifi-
cation: A systematic review from 2014 to 2020. Energ.

Convers. Manage. 10:100060.

3. Oliveira, M., A. Ramos, T. M Ismail, E. Monteiro,
A. Rouboa. 2022. A review on plasma gasification of sol-
id residues: Recent advances and developments. Energies

15:1475. doi: 10.3390/en15041475.

4. Chun, Y. N., and H. G. Song. 2020. Microwave-induced
carbon–CO2 gasification for energy conversion. Energy

190:116386.

5. Yi, F., C. P. Manosh, V. Sunita, L. Xian, P. Young-Kwon,
and Y. Siming. 2021. Concentrated solar thermochemi-
cal gasification of biomass: Principles, applications, and
development. Renew. Sust. Energ. Rev. 150:11484. doi:
10.1016/j.rser.2021.111484.

6. Larsson, A., M. Kuba, T. Berdugo Vilchesa, M. Seemann,
H. Hofbauer, and H. Thunman. 2021. Steam gasification
of biomass — typical gas quality and operational strategies
derived from industrial-scale plants. Fuel Process. Technol.

212:106609.

7. Maric, J., T. Berdugo Vilches, S. Pissot, I. Ca“nete Vela,
M. Gyllenhammar, and M. Seemann. 2020. Emissions
of dioxins and furans during steam gasification of Auto-
motive Shredder residue; experiences from the Chalmers
2–4-MW indirect gasifier. Waste Manage. 102:114–121.
doi: 10.1016/j.wasman.2019.10.037.

8. Frolov, S. M. 2021. Organic waste gasification: A selective
review. Fuels 2:556–651. doi: 10.3390/fuels2040033.

9. Tsekos, C., M. del Grosso, and W. de Jong. 2021. Gasi-
fication of woody biomass in a novel indirectly heated
bubbling fluidized bed steam reformer. Fuel Process. Tech-

nol. 224:107003. doi: 10.1016/j.fuproc.2021.107003.

10. Hess, J. R., A. E. Ray, and T. G. Rials. 2020. Advance-

ments in biomass feedstock preprocessing: Conversion ready

feedstocks. Frontier Media SA. Vol. 7. 319 p.

11. Frolov, S. M., V. A. Smetanyuk, K. A. Avdeev, and
S. A. Nabatnikov. 24.04.2019. Sposob polucheniya sil’no
peregretogo para i ustroystvo detonatsionnogo parogene-
ratora (varianty) [Method for obtaining highly overheated

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2024 volume 17 number 2



S. M. Frolov, V. A. Smetanyuk, I. A. Sadykov, et al.

steam and detonation steam generator device (options)].
Patent of Russian Federation No. 2686138. Priority date
26.02.2018.

12. Shahabuddin, M., M. T. Alam, B. B. Krishna, T. Bhaskar,
and G. Perkins. 2020. A review on the production of re-
newable aviation fuels from the gasification of biomass
and residual wastes. Bioresource Technol. 312:123596. doi:
10.1016/j.biortech.2020.123596.

13. Frolov, S. M., V. A. Smetanyuk, I. A. Sadykov, A. S. Si-
lantiev, I. O. Shamshin, V. S. Aksenov, K. A. Avdeev, and
F. S. Frolov. 2022. Natural gas conversion and liquid/solid
organic waste gasification by ultra-superheated steam. En-

ergies 15:3616. doi: 10.3390/en15103616.
14. Frolov, S. M., V. A. Smetanyuk, I. A. Sadykov, A. S. Si-

lantiev, I. O. Shamshin, V. S. Aksenov, K. A. Avdeev, and
F. S. Frolov. 2022. Natural gas conversion and organic
waste gasification by detonation-born ultra-superheated
steam: Effect of reactor volume. Fuels 3:375–391. doi:
10.3390/fuels3030024.

15. Frolov, S. M., V. A. Smetanyuk, and S. S. Sergeev. 2020.
Reactor for waste gasification with highly superheat-
ed steam. Dokl. Phys. Chem. 495(2):191–195. doi:
10.1134/S0012501620120039.

16. Panin, K. S., V. A. Smetanyuk, and S. M. Frolov.
2024. Gazifikatsiya zhidkikh uglevodorodnykh otkhodov
vysokotemperaturnymi produktami gazovoy detonatsii:
termodinamicheskie raschety sostava i temperatury po-
luchaemogo sintez-gaza [Gasification of liquid hydrocar-
bon wastes by high-temperature products of gas deto-
nation: Thermodynamic calculations of the composition
and temperature of the resulting syngas]. Goren. Vzryv

(Mosk.) — Combustion and Explosion 17(1):74–94. doi:
10.30826/CE24170107.

17. Frolov, S. M., V. A. Smetanyuk, I. A. Sadykov, A. S. Si-
lantiev, I. O. Shamshin, V. S. Aksenov, K. A. Avdeev, and
F. S. Frolov. 2022. Natural gas conversion and organic
waste gasification by detonation-born ultra-superheated
steam: Effect of reactor volume. Fuels 3(3):375–391. doi:
10.3390/fuels3030024.

18. Frolov, S. M., A. S. Silantiev, I. A. Sadykov, et al. 2023.
Composition and textural characteristics of char pow-
ders produced by thermomechanical processing of sun-
flower seed husks. Powders 2:624–638. doi: 10.3390/
powders2030039.

19. Frolov, S. M., A. S. Silantiev, I. A. Sadykov, V. A. Smeta-
nyuk, F. S. Frolov, J. K. Hasiak, A. B. Vorob’ev, A. V. In-
ozemtsev, and J. O. Inozemtsev. 2023. Gasification of

waste machine oil by the ultra-superheated mixture
of steam and carbon dioxide. Waste 1:515–531. doi:
10.3390/waste1020031.

20. Frolov, S. M. 2023. Organic waste gasification by
ultra-superheated steam. Energies 16:219. doi: 10.3390/
en16010219.

21. Distaso, E., R. Amirante, G. Calò, P. De Palma, P. Tam-
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