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A computational tool, omnisoot, was developed utilizing the chemical kinetics capabilities
of Cantera to model the formation of carbonaceous nanoparticles, such as soot and carbon
black (CB), from the reactions of gaseous hydrocarbons. Omnisoot integrates constant volume,
constant pressure, perfectly stirred, and plug flow reactor models with four inception models
from the literature, as well as monodisperse (MPBM) and sectional population balance models
(SPBM). This package serves as an integrated process design tool to predict soot mass, mor-
phology, and composition under varying process conditions. The modeling approach accounts
for soot inception, surface growth, and oxidation, coupled with detailed gas-phase chemistry,
to close the mass and energy balances of the gas-particle system; subsequently, soot and gas-
phase chemistry are linked to a particle dynamics model that considers the evolving fractal-like
structure of soot agglomerates. The package includes a reactor network model that enables
connecting a series of plug flow reactor and perfectly stirred reactor models with multiple gas
sources to more accurately represent complex industrial reactors. The developed tool was em-
ployed to highlight the similarities and differences among the implemented inception models in
predicting soot mass, morphology, and size distribution for three use-cases: methane pyrolysis
in a shock tube, ethylene pyrolysis in a flow reactor, and ethylene combustion in a perfectly
stirred reactor. The simulations of 5%CH4 pyrolysis in shock-tube with short residence times
(≈ 1.5 ms) demonstrated that multiple combinations of inception and surface growth rates
minimized the prediction error of carbon yield but led to markedly different morphologies, em-
phasizing the need for measured data of soot morphology to constrain inception and surface
growth rates. The comparison of simulation results in a pyrolysis flow reactor at three different
flow rates suggested that only irreversible models can predict bimodality of particle size distri-
bution. Moreover, the contributions of inception and surface growth to the total soot mass were
used as determining factors in soot morphology.


