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Report:
In a preliminary experiment, the absorption of x-rays by soot particles in an ethylene diffusion flame

was examined, using a white beam on the ID09 beamline. The absorption was seen by measuring positive and
negative currents on a thin (1 mm diameter) rod, mounted just above the beam pipe. The flame was displaced
horizontally and vertically with respect to the x-ray beam in order to map the location of the soot particles in
the flame. It was found that while low down in the flame, just above the burner mouth, there was little or no
x-ray absorption by soot particles, higher up, the current due to soot absorption was a factor of about thirty
greater than that due to absorption by the background air. (The experiment was performed at atmospheric
pressure). Fig 1 a shows the horizontal scan of measured negative current at 32 mm vertical height above the
burner mouth (where the soot particle density is maximum) while fig. 1b shows the current measured at a
height of 2 mm above the burner where the soot density is small. The probe used was 6 cm long and was
positioned along the beam axis. The burner diameter was 1.2 cm and so the collection length for air ions was
about five times that for flame produced species.

This measurement shows that it is possible to use x-rays to identify the position of flame particulates
and this could be a useful method of mapping soot particles in fuel rich flames which would be opaque to
visible radiation. The technique could also be applied to the study of flame produced nanoparticles such as
TiO2 or SiO2 that are produced industrially in large quantities using combustion methods and to probe
particulates formed during silicon based plasma-processing operations. The experiment has very interesting
applications in astrophysics. Dust particles in the interstellar medium are exposed to high fluxes of x-rays
from hot stars and other violent phenomena and their response to this radiation must be known in order to
interpret observations. A number of models of this interaction exist [1-3].

The fact that such a high soot absorption signal is seen in this paper is at first sight very surprising.
Typical soot volume fractions in the flame used were of the order of 4 x 10-6 at their maximum. This has been
determined by other workers using a number of different methods and was verified by us by studying
helium/neon laser light absorption. If the absorption due to soot particles is calculated using an independent



atom assumption, (typical practice for x-rays in the energy range of 5-30 keV used in this experiment), the
absorption due to soot particles should be about 1000 times weaker than that due to background air
ionization. The fact that such a large signal is seen indicates that the particulate form and structure must play
a dominant role here.

The process of absorption of a high energy x-ray photon in a particle involves a primary ionization
event that leaves one or more inner shell vacancies in the target atom. This vacancy is filled by an electron
from a higher shell either of the target atom or of a neighboring atom. In this event a high energy photon can
be emitted (fluorescence) or the energy release can be absorbed by the ejection of another electron from the
atom (the Auger effect). If a lower lying electron is ejected then a second such Auger process can occur etc.
This is known as an Auger cascade though for carbon only one, 262.4 eV Auger electron is released [1].

Since the target atom is located within a solid matrix, the departing primary photoelectron and the
Auger electron must traverse this material in order to escape. During this traversal, these electrons can
undergo inelastic collisions with other atoms in the solid, resulting in secondary electron emission. Thus the
primary x-ray absorption can lead to the ejection of a number of electrons. If such a process occurs in an
electrically unbiased bulk solid, the electrons will probably return to the surface thus re-neutralizing it. In the
case of a particle, particularly in the flowing environment of a flame where convection dominates charged
particle movement, it is quite likely that the electrons will escape and this will leave the particle with a net
positive charge. (Natural soot particles usually are electrically charged, whether positively due to thermionic
emission or negatively due to electron or negative ion attachment. Flames also contain ions formed via
chemical processes. These phenomena are responsible for the current measured with the flame but without
the x-ray beam). If the charge due to x-ray absorption is sufficient, a very high electric field can be produced
and this will lead to the phenomenon of field emission of electrons. This will be a runaway process and can
lead to the actual disruption of the particle that will break up into positively charged fragments [2,3] and free
electrons but we believe that this is the first time that actual experimental evidence for such an x-ray induced
process has been reported.

Future experiments will explore this effect for other fuels and under vacuum conditions using a pre-
mixed flame. This will allow the post-absorption process to be studied in more detail and efforts will be made
to identify the charge carriers.

(a) (b)

Fig. 1. Negative current measured with x-ray beam intersecting flame at heights of (a) 32 mm and (b) 2 mm
above the burner mouth.
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Transverse scan of ethylene diffusion flame
(run 320)
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Transverse scan of ethylene diffusion flame
(run 20)
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