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Abstract: The paper considers the effect of additives of methane, benzene, and CHs, CH2, and CH radicals
on the formation of soot particles during pyrolysis of highly diluted mixtures of acetylene with argon. Direct
comparison of the results of detailed kinetic simulations on soot particle formation during pyrolysis of the mixtures
of acetylene, benzene, and methane with argon has been performed using the unified kinetic model of soot
formation with the results of the authors’ own experiments in a shock tube behind reflected shock waves. The
obtained good agreement between the results of kinetic simulations and experimental results was the basis for
conducting numerical experiments for highly diluted mixtures at elevated pressures which made it possible both
to maintain the concentration of carbon atoms in the mixtures and to minimize the temperature change during
pyrolysis and soot particle formation.

Keywords: hydrocarbon pyrolysis; soot formation; shock tube; detailed kinetic modeling; promotional additives

DOI: 10.30826/CE22150102

Figure Captions

Figure 1 Temperature dependences of the soot yield during pyrolysis of a mixture of acetylene with argon (0.05 C2Ha + 0.95 Ar),
ps = 4.5 bar: I — results of the present authors’ experiments in reflected shock waves; and 2 — results of the present authors’
kinetic calculations using the unified kinetic model of soot formation

Figure 2 Temperature dependences of the soot yield during pyrolysis of a mixture of benzene with argon
(0.0105CgHg + 0.9895 Ar), ps = 3.0 bar: I — results of the present authors’ experiments in reflected shock waves; and
2 — results of the present authors’ kinetic calculations using the unified kinetic model of soot formation

Figure 3 Temperature dependences of soot yield during pyrolysis of mixtures of methane with argon (triangles —
0.05 CH4 + 0.95 Ar; and squares — 0.1 CH4 + 0.9 Ar), ps = 4.5—6.7 bar: I — results of the present authors’ experi-
ments in reflected shock waves; and 2 — results of the present authors’ kinetic calculations using the unified kinetic model of
soot formation

Figure 4 Temperature dependences of the soot yield during pyrolysis of a mixture of acetylene with argon (I —
0.03 C2Hs + 0.97 Ar), acetylene—methane with argon (2 — 0.02 CoH2 + 0.02 CH4 + 0.96 Ar) and acetylene—methyl rad-
icals with argon (3 — 0.02 C2H2 + 0.02 CH3s + 0.96 Ar), ps = 3 bar

Figure 5 Temperature dependences of the soot yield during pyrolysis of a mixture of acetylene with argon (/I —
0.003 C2Hz2 + 0.997 Ar), acetylene—methane with argon (2 — 0.002 C2Hs + 0.002 CH4 + 0.996 Ar), and acetylene—methyl
radicals with argon (3 — 0.002 C2Hs> + 0.002 CHs + 0.996 Ar), ps = 30 bar

Figure 6 Temperature dependences of the soot yield during pyrolysis of a mixture of acetylene with argon (I —
0.0003 C2Hz + 0.9997 Ar), acetylene—methane with argon (2 — 0.0002 C2Hz + 0.0002 CH4 + 0.9996 Ar), and acetylene—
methyl radicals with argon (3 — 0.0002 C2Hz + 0.0002 CHs + 0.9996 Ar), ps = 300 bar

Figure 7 Temperature dependences of the soot yield during pyrolysis of a mixture of acetylene with argon (I —
0.0003 C2Hz + 0.9997 Ar), acetylene—CH with argon (2 — 0.0002 C2H2 + 0.0002 CH + 0.9996 Ar), and acetylene—benzene
with argon (3 — 0.0002 C2H; + 0.00003334 CsHg + 0.99976666 Ar), ps = 300 bar
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