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Analysis of Soot Particle Morphology Using Rayleigh Debye Gans
Scattering Theory
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Abstract  Soot particles generated by fossil fuel combustion normally have fractal morphology with aggregates
consisting of small spherical particles. Thus, Rayleigh or Mie elastic light scattering theory is not feasible for
determining the fractal properties of soot aggregates. This paper describes a detailed process for applying
Rayleigh-Debye Gans (RDG) scattering theory to effectively extract the morphological properties of any nano-scale
particles. The fractal geometry of soot aggregates produced from an isooctane diffusion flame was observed using
ex situ transmission electron microscopy (TEM) after thermophoretic sampling. RDG scattering theory was then used
to analyze their fractal morphology, and various properties were calculated, such as the diameter of individual soot
particles, number density, and volume fraction. The results show indiscernible changes during the soot growth process,
but a distinct decreasing trend was observed in the soot oxidation process. The fractal dimension of the soot
aggregates was determined to be around 1.82, which is in good agreement with that produced for other types of fuel.
Thus, it can be concluded that the value of the fractal dimension is independent of the fuel type.

Keywords : Rayleigh-Debye-Gans scattering theory, Soot aggregate, Fractal dimension

o] F=E-2 20158 % FH Ut Al A3 G Al Ankel 2} A AAFI(2012R1A1A1002577)9] Aol o]ae] <
THAL.

"Corresponding Author : Kibum Kim (Chungbuk National Univ.)

Tel: +82-43-261-2446 email: kimkbl1@chungbuk.ac.kr

Received July 7, 2016 Revised August 10, 2016

Accepted September 9, 2016 Published September 30, 2016

641



FFAVE &8 =B AT A9B, 2016

—Nomenclature—

D, . Mass fractal dimension

d,, : Primary particle diameter, m’

S : Volume fraction

k, : Fractal prefactor

K,y . : Differential scattering coefficient, em’sr!

L : Maximum projected length of an aggregate, m

N : Number density of aggregate in the
R scattering volume, particles/cm

N,., : Number of primary particles per aggregate

N : Total number density of sgot in the
total scattering volume, particles/cm

R, : Radius of gyration of a soot aggregate, m

Ve : Volume of particles per unit volume

W : Maximum projected width normal to

maximum length of an aggregate, m

o : Differential scattering cross section of an

agg

aggregate, cm /sr
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Fig. 1. Pictures of concentric diffusion burner. A) Side
view. B) Top view.
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Fig. 2. Data measurement heights.
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Fig. 3. A setup of thermophoretic sampling and grid.
A) Side view. B) Formvar carbon-supported
150 mesh copper grid.
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