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Abstract: A numerical analysis was carried out to determine the optimal conditions for ethylene production via
noncatalytic oxidative pyrolysis of ethane with oxygen in a flow reactor operating under laminar flow conditions.
The study demonstrates the feasibility of implementing an autothermal oxidative pyrolysis process for ethane,
achieving an ethylene yield of up to 55%, which is virtually comparable to the yicld obtained in the energy-intensive
thermal pyrolysis of ethane. Oxygen present in the system during oxidative pyrolysis acts as an effective inhibitor of
soot formation. This makes it possible to reduce the volume of steam supplied during pyrolysis and, potentially, to
eliminate steam injection altogether. The process also yields by-products: syngas with an [Hz]/[CO] ratio of 1.75,
which can be used in catalytic synthesis processes, and a substantial amount of heat — up to 4.4% of the total heat
of ethane combustion.
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Figure Captions

Figure 1 Prescribed temperature profile of the reactor outer wall for all ® values T = T'(z, 7 = 2.75 cm) (/), and the calculated
gas temperature profile along the reactor axis, 7' = T'(z,0), at ® = 8.3 (2)

Figure 2 Dependences of the ethane (C2Hg) (/) and ethylene (C2Hy) (2) mole fractions on the reactor axis (r = 0) (solid
curves) and at the inner wall (» = 2.5 cm) (dashed curves) of the reactor on the x coordinate in the hot zone of the reactor
calculated for the value ® = 8.3

Figure 3 Dependences of the conversion of CoHg (/) and the yield of the main carbon-containing products C2Ha (2), CO (3),
and CH4 (4) on the equivalence ratio ¢

Figure 4 Dependence of the yields of H2O (/) and Hz (2) on the equivalence ratio ®

Acknowledgments

The work was carried out within the framework of the Fundamental Scientific Research Program of the Russian
Federation “Chemical Physics of Oxidation, Combustion and Explosion”, registration No. 1024040200065-4, and
had budget funding.

References Ammonia, methanol and light olefins. Renew. Sust. Energ.

Rev. 68:1205—1212. doi: 10.1016/j.rser.2016.02.021.
1. Prognoz razmera i rosta mirovogo rynka etilena, a takzhe

osnovnye tendentsii na 2025—2037 gg. [Forecast of the 4. Arutyunov, V.S. 2011. Okislitel'naya konversiya prirodno-

global ethylene market size and growth, as well as key go gaza |Oxidative conversion of natural gas]. Moscow:
trends for 2025—2037].2025. Research Nester. Available at: KRASAND. 640 p.
https://www.researchnester.com/ru/reports/ethylene-

market /4540 (accessed June 22, 2026). 5. Bondareva, V.M., T.Y. Kardash, E.V. Ischenko, and

V. 1. Sobolev. 2015. Heterogeneous catalytic oxidative con-
version of ethane to ethylene. Catalysis Industry 7(2):104—
110. doi: 10.1134/S2070050415020026. EDN: UEWAOT.

2. Arutyunov, V.S., I.A. Golubeva, O.L. Eliseev, and
FE G. Zhagfarov. 2020. Tekhnologiya pererabotki uglevodo-
rodnykh gazov [Hydrocarbon gas processing technology].

Moscow: Yurayt. 723 p. 6. Arutyunov, V. S., R.N. Magomedov, and N. N. Semenov.
3. Boulamanti, A., and J. A. Moya. 2017. Production costs 2012. Gas-phase oxypyrolysis of light alkanes. Russ. Chem.
of the chemical industry in the EU and other countries: Rev. 81(9):790—822.

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2026 volume 19 number 3



Analysis of optimal conditions for oxidative pyrolysis of ethane to ethylene in a flow reactor with a laminar flow regime

7. Arutyunov, V. S., V. I. Savchenko, I. V. Sedov, A. V. Nikitin,  13. Lu, H., S. Dong, E Liu, S.S. Nagaraja, N. Lindblade,

R.N. Magomedov, and A.Yu. Proshina. 2017. Kinetic M. A. Turner, O. Mathieu, E. L. Petersen, J. C. Vilchez,
features and industrial prospects of the selective oxidative K. A. Heufer, G. Xu, S. M. Sarathy,and H. J. Curran. 2023.
cracking of light alkanes. Russ. Chem. Rev. 86(1):47—74. A wide-range experimental and kinetic modeling study of
doi: 10.1070/RCR4648. the pyrolysis and oxidation of 1-butyne. P. Combust. Inst.
8. Xu, C., A.S.A. Shoaibi, C. Wang, H.-H. Carstensen, and 39(1):355-364. doi: 10.1016/j.proci.2022.09.044.
A. M. Dean. 2011. Kinetic modeling of ethane pyrolysisat 14, Dong, S., B. Wang, Z. Jiang, X. Cheng, B. Liu, H. Wang,
hlgh conversion. J. PhyS Chem. A 115(38)10467—10480 Z. Wang, C.W. Zhou, and H. Curran. 2023. On the low
doi: 10.1021/jp206503d. temperature chemistry of 1,3-butadiene. P. Combust. Inst.
9. Volkova, M. M., and I.R. Chigvintseva. 2020. Piroliz 39(1):365—373. doi: 10.1016/j.proci.2022.09.046.
etana. Otsenka optimal’nykh parametrov [Ethane pyrol- |5 Genossar-Dan, N., Sh. Atlas, D. Fux, Sh. H. Lavan,
ysis. Evalution of optimal parameters]. Kazan’: KNITU. U.Z.1. Rozenberg, T.L. Nguyen, P. Hemberger, and
100 p. J. H. Baraban. 2023. Direct observation of the ethyl rad-
10. Mohamed, A. A. E.-S., A. B. Sahu, S. Panigrahy, M. Baig- ical in the pyrolysis of ethane. Angew. Chem. Int. Edit.
mohammadi, G. Bourque, and H. Curran. 2022. The 62:¢202305881.

effect of the addition of nitrogen oxides on the 16. Bryukov, M. G.. I. R. Slagle, and V. D. Knyazev. 2001. Ki-

oxidation of propane: An experimental and model- tics of reacti fH at ith eth: d chlorinated
ing study. Combust. Flame 245:112306. doi: 10.1016/ SO rJea;h;c;nsCzem Zollgggg),ggozlfgagc ormnate

j.combustflame.2022.112306. 17. Brvukov M.G.. LR. Slael dV.D. K 2001
11. Lu, H., E Liu, S.S. Nagaraja, S. Dong, M. A. Turner, - oryukoy ML G, LR slagle, and V. 1. yazev. ’
Kinetics of reactions of H atoms with methane and chlo-

g' ggfthsfe‘;& Eé;égleyte;fg’é‘f‘ cvllﬁiﬁzz'(fz? fjv‘:gf rinated methanes. J. Phys. Chem. A 105(13):3107—3122.

range experimental and kinetic modeling study of the 18- Bryukov, M.G., V.D. Knyazev, S.M. Lomnicki,

pyrolysis and oxidation of 2-butyne. P. Combust. Inst. C.A. McFerrin, and B. Dellinger. 2004. Temperature-
39(1):157—167. doi: 10.1016/j.proci.2022.07.147. dependent kinetics of the gas-phase reactions of OH with
12. Panigrahy, S., A. A. E.-S Mohamed, P. Wang, G. Bourque, Ci2, CHa, and CsHs. J. Phys. Chem. A 108(47):10464—

and H.J. Curran. 2023. When hydrogen is slower than 10472.
methane to ignite. P. Combust. Inst. 39(1):253—263. doi:  19. Reaction Design. 2011. CHEMKIN-Pro. San Diego, CA.
10.1016/j.proci.2022.08.025. Doc. No. CK-TUT-10112-1112-UG-1.

Received January 13, 2026
After revision March 30, 2026
Accepted April 6, 2026

Contributors

Bryukov Mikhail G. (b. 1963) — Candidate of Science in physics and mathematics, leading expert, N. N. Semenov
Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin Str., Moscow
119991, Russian Federation; mgbryukov@mail.ru

Belyaev Andrey A. (b. 1954) — Candidate of Science in physics and mathematics, leading research scientist,
N. N. Semenov Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin
Str., Moscow 119991, Russian Federation; belyaecvlH F@yandex.ru

Arutyunov Vladimir S. (b. 1946) — Doctor of Science in chemistry, professor, chiefresearch scientist, N. N. Semenov
Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin Str., Moscow,
119991, Russian Federation; chiefresearch scientist, Federal Research Center for Problems of Chemical Physics and
Medicinal Chemistry of the Russian Academy of Sciences, 1 Acad. Semenov Ave., Chernogolovka, Moscow Region
142432, Russian Federation; professor, I. M. Gubkin Russian State University of Oil and Gas, 65 Leninsky Prosp.,
Moscow 119991, Russian Federation; professor, Faculty of Fundamental Physical and Chemical Engineering,
M. V. Lomonosov Moscow State University, Leninskie Gory, Moscow 119991, GSP-1, Russian Federation;
v_arutyunov@mail.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2026 volume 19 number 3



