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Influence of Pulsed Laser Heating on the Optical Properties of Soot

K.P. Geigle'’, K.A. Thomson?, G.J. Smallwood?, D.R. Snelling?
" Institute of Combustion Technology, German Aerospace Centre (DLR), Stuttgart, Germany
? Institute for Chemical Process and Environmental Technology, National Research Councill (NRC), Ottawa, Canada

Laser-induced incandescence (LII) is frequently described as an optical, non-intrusive diagnostic. How-
. ever, it is well known that excitation at too high laser fluences is responsible for particle surface sublima-
tion. This process is not well described by current LIl models. In addition, several soot parameters intro-
duced into LH modeling have to be approximated by those measured or extrapolated for graphite. The
presented research focuses on monitoring changes of soct properties while LIl excitation is applied.

Introduction

A cornerstone of the theory of laser induced
incandescence applied to soot aerosols is that the
soot is not affected by rapid laser heating. How-
ever, it has been demonstrated in the literature that
intense laser irradiance typical of ‘high’ or ‘plateau
regime’ LIl leads to significant modification of the
internal structure of soot particles [Vander Wall
and even the formation of new particles from va-
perized material [Michelsen). For moderate laser
fluences typical of autc-compensating LI {AC-LI)
[Snelling], morphological changes are not observ-
able via high resolution transmission electron mi-
croscopy (HR-TEM) [Michelsen]; however, it is still
conceivable that the rapid heating of soot aggre-
gates to temperatures in the range of 3000 to
4000 K can influence the internal crystalline struc-
ture of soot as well as materials adsorbed on the
surface and thus the optical properties of the soot
may change as a consequence of the laser heat-
ing. Variation of the opfical properiies of the soot
" on time scales relevant to LIl measurement would
have impacts on the interpretation of signal which
must be accounted for.

Experimental

In the present work, we monitor the exfinction
coefficient of a soot aerosol with time while simul-
taneously heating the aerosol with a laser pulse
typical of LIl. Measurements are made of the ex-
tinction cosfficient at wavelengths of 405 and
830 nm and for a range of IR laser fluences, The
cw attenuation laser monitors the central homoge-
neous portion of the pulsed IR laser beam when
both concentrically fravelling along a scot contain-
ing pipe. The incandescent emission from the soot
is also monitored at wavelengths of 450, 557, and
750 nm close to the pipe exit to correlate the at-
tenuation information to time-resolved soot tem-
peratures,

Results

The vartation of the extinction coefficient during
and after laser heating is interpreted in terms of
elastic and plastic variation of the soot refractive
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index absorption function, desorption and dissipa-
tion of adsorbed species, and sublimation. For low
fluences signal changes are found to linearly corre-
late to changes of soot temperature. This behavior
is expected when assuming a temperature de-
pendent density or particle diameter (Fig. 1). In
contrast, high LIl laser fluences the particle density
decrease, thus increase of attenuation is accom-
panied by diameter reduction due to surface sub-
limation. Implications of the performed experiments
for LIl measurement interpretation are discussed.
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Fig. 1: Comparison of the attenuation at 830 nm meas-
ured during the LIl process and relative volume based
on Lif modeling [4] for a reasonable particle size of
30 nm. The 1064 nm Lil laser pulse at low fluence gen-
erates a change in attenuation starting from Hime zero,

References

[11 R.L Vander Wal, T.M. Ticich, A.B. Stephens, Appl.
Phys. B. 67, 115 (1998)

[2] H.A. Michelsen, A.V. Tivanski, M.K. Gilles, L.H. van
Poppel, M.A. Dansson, P.R, Buseck, App/. Opf. 48,
859-977 (2007). )

[3] D.R.Snelling, G.J. Smallwood, F. Liu, O. Glilder,
W. Bachalo, Appl. Opt. 44 (31), 6773-6785 (2005).

[4 M. Hofmann, B. Kack, C. Schuiz,
hitp:/fwww.lilsim.com.

International Biscussion Meeting and Workshop 2010: Laser-induced Incandescence, Quantitative intarpretation, modelling, appli-

catlon



Fourth International Workshop and Meeting on

LLaser-Induced Incandescence: Quantitative
Interpretation, Modeling, Application

April 18 — 20, 2010, Villa Monastero, Varenna, Lecco, Italy

Consiglio Nazionale delle Ricerche
Istituto per 'Energetica e le Interfasi

Qowarti, . ®
& )
2
G a© . 8 Accordo di Programma ‘ eNIDE
%, % & MSE/CNR per I'Attivita di
Chy o 10 Ricerca di Sistema CENTER FOR NANOINTEGRATION

OUISBURG-ESSEN



