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MOTIVATION & CHALLENGES

The transition to clean energy requires low-emission combustion technologies and
advanced biofuels that help achieve net-zero carbon emissions.

PAHs play a key role in the pyrolysis and combustion of hydrocartbbons and
biomass, acting as intermediates in soot formation.

Once considered only harmful, carbonaceous nanoparticles are now valued for
their potential in material applications [1] — e.g., carbon black tor batteries,
carbon nanodofts, and nanotubes for electronics.

T~ This work focuses on a critical intermediate step in soot formation — the fransition from small PAHs to
/ ~ larger, multi-ring PAHs — where gas-phase molecules begin to form early-stage solid-like structures.

Quantum chemical calculations are too demanding for large PAHs. Developing rate
rules enables to bridge small-to-large PAHs efficiently, supporting predictive modeling
across gas-to-solid fransitions.

METHOD PAHs MODEL

Two complementary approaches are ‘
employed to determine the reaction rates E\ T
iInvolved in PAH growth:

Reaction classification:

 Each reaction class is identified by the type of species and the

class type corresponding to an elementary reaction.
1. Master Equation-based Lumping (MEL):

Literature PESs [2] are analyzed using MEL [3] to
extract kinetic parameters. By combining MEL
with the Pseudo Steady-State Approximation
(PSSA), we lump minor species and reduce
model complexity while retaining accuracy in
reactivity and product distribution.

« Within each reaction class, different reaction types idenfify
specific reactions associated fo reference kinefic parameters
which may be extended through rate rules.
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2. Ab Initio Kinetics with EStokTP: -
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