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Introduction
Soot formation and oxidation must be understood in order to develop reliable
computational combustion methods for flames involving hydrocarbon fuels. Motivated
by this observation, the present investigation extended earlier work on soot formation
and oxidation to consider broader ranges of test conditions than considered before. In
particular, past studies of TEM-observable primary soot particle surface growth involved
measurements in laminar jet premixed and nonpremixed (diffusion) flames fueled with
various hydrocarbons (CH4, C2H2, C2H4, C3H6, C3H8 and C6H6) and having gas
temperatures of 1500-1850 K at atmospheric pressure and yielded major findings as
follows, see [1,2] and references cited therein: surface growth of primary soot particles
is similar in premixed and diffusion flames, is independent of hydrocarbon fuel type, and
can be correlated based on the Hydrogen-Abstraction/Carbon-Addition (HACA)
mechanisms of soot surface growth due to Colket and Hall [3] and Kazakov et al. [4]. In
addition, past studies of TEM-observable primary soot particle surface oxidation for the
same range of flame conditions yielded the following major findings [1,2]: primary soot
particle surface oxidation in laminar premixed and diffusion flames is similar, is
independent of hydrocarbon fuel type, and can be correlated using the OH/O2
mechanism of Nagle and Strickland-Constable [5] and Neoh et al. [6]. Finally, the
properties of TEM-observable primary soot particles have received a great deal of
attention, see [1-7] and references cited therein. Based on these studies, it is generally
agreed that TEM-observable primary soot particles consist of nearly spherical and
monodisperse primary soot particles having diameters of 10-50 nm, that are collected
into mass fractal aggregates. More recent studies suggest that the formation of soot
precursor particles that are not visible by TEM involves coalescence of large PolycyclicAromatic-Hydrocarbon (PAH) molecules that form by the HACA mechanism, see [8] and
references cited therein. Unfortunately, effects of temperatures greater than 1850 K,
and pressures other than atmospheric pressure on soot surface growth and oxidation
are unknown. In addition, past work has not yielded a way to estimate rates of
nucleation of TEM-observable primary soot particles. Thus, the objectives of the
present investigation were to address these limitations by conducting additional
experiments at flame temperatures up to 2350 K, pressures of 0.1-1.0 atm, and
including observations of the nucleation rates of TEM-observable primary soot particles.

Experimental
Measurements were made along the axes of laminar jet premixed and diffusion
flames as discussed by Kim et al. [1] and El-Leathy et al. [2]. This involved
measurements of soot volume fractions by laser extinction, soot temperatures by
multiline emission, soot structure by thermophoretic sampling and TEM, gas species
concentrations by isokinetic sampling and gas chromatography, radical species
concentrations by Li/LiOH atomic absorption, and gas velocities by laser velocimetry.
These measurements were used to find TEM-observable primary soot particle surface
growth rates, surface oxidation rates, and nucleation rates, as discussed by Kim et al.
[1] and El-Leathy et al. [2].
Results and Discussion
Measured TEM-observable primary soot particle surface growth rates were
correlated successfully for the extended range of test conditions mentioned earlier
based on the HACA mechanisms of Colket and Hall [3] and Kazakov et al. [4] yielding
unknown steric factors in these mechanisms on the order of unity as expected. The
only exception was that it was necessary to delete Reaction 3 of Colket and Hall [3] in
order to obtain the correct pressure dependence for this mechanism.
TEM-observable primary soot particle nucleation rates were correlated successfully
by assuming that nucleation was controlled by the formation of large PAH particles.
This yielded an effective TEM-observable nucleation rate correlation over a range of
nucleation rates of six orders of magnitude that was first order in the concentration of
acetylene and second-order in concentration of H.
Finally, TEM-observable primary soot particle early oxidation rates (before oxidation
of more than 70 % of the maximum mass of the primary soot particles) were correlated
successfully based on a collision efficiency of OH molecules of 13 %, supplemented by
a relatively small contribution due to direct oxidation by O2 based on the measurements
of Nagle and Strickland-Constable [5], as proposed by Neoh et al. [6] based on
measurements of soot surface oxidation in laminar premixed flames.
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