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Abstract 

Carbon atoms have been shown to ionise when 

subjected to a laser field. By applying a laser field to soot 

particles, the strength of this ionisation can be tested to 

provide information on the morphology of soot aggregates 

and primary particles. This is carried out by applying an 

electric field to carbon black particles when exposed to a 

pulsed laser beam. From this experiment, the difference in 

the carbon particles’ trajectory with and without the 

electric field can be used to determine the Coulombic 

forces involved, the temperature threshold for the 

thermionic property and the mass/charge ratio for the 

particles. With this information, a model on this laser-

induced carbon thermionic property can be devised.  

1 Introduction 
The morphology and physical properties of soot 

aggregate are important for application of techniques such 

as Laser Induced Incandescence (LII) on measuring soot 

primary particle sizes in flames and optical engines. Soot 

morphology has a bearing on its formation, growth and 

oxidation, better understanding of which allows for 

possible reduction of it in combustion processes. It enables 

more accurately devised models and interpretation of 

results.  

When carbon particles are heated up to a suitably high 

temperature, it has been observed that these fragment and 

appear to “explode” and break up into smaller particles[1]. 

The increase in temperature and energy in the carbon 

particles causes the electrons in the particles to escape by 

thermionic emission, which is well known[2]. The 

positively charged carbon particles then repel each other 

and move in opposing directions, hence appearing to 

“explode”.  This ionisation in a laser field of clusters[3] and 

carbon atoms is well understood and multiple experiments 

have been carried out to characterise these, including their 

ionization potentials[4]. Studies on electron emission has 

also been carried out on larger carbon fullerene 

molecules[5]. Ionisation of soot has been shown to be 

important in the process of soot formation [6] and study of 

ionisation directly contributes to the modelling of soot 

formation[7]. The effect of soot ionisation has also been 

applied to soot detection [8].  

This ionisation process can be used to determine the 

morphology and physical properties of soot aggregates. 

High resolution TEM images of soot particles show hollow 

primary particles consisting of fractured graphene-like 

fragments[9, 10]. These primary particles, when promptly 

abstracted from flames, are made up of large chains of 

primary particles bound by tens to hundreds of carbon 

atoms across graphite like planes.  It is a reasonable 

hypothesis that these ‘bound’ primary particles have bond 

strengths of order of 35meV per atom, as compared to a 

typical C-C bond strength in a graphene-like layer of order 

of 1.5 eV[11]; because hundreds of carbon atoms constitute 

the fusion points on the primary particles [10] these are 

likely to be held by a strength of order 3-30 eV. These 

chains may then condense or aggregate in the post flame 

or exhaust as aggregates, weakly bound by van der Waals 

forces. This study is aimed at elucidating the binding 

forces between primary particles and soot aggregates, 

which will lead to better understanding of the morphology 

of soot aggregates and primary particles. 

2 Method 
The experiment was conducted in a vacuum chamber 

and carbon particles were introduced through a series of 

aerodynamic lenses. An intensified charge-coupled device 

(ICCD) camera was used to record the signal from soot 

particles heated by the laser beam from a R4-25 400W 

continuous wave fibre laser at a wavelength of 1070nm. 

The carbon particles were produced by an aerosol 

generator with black toner mixed with water, driven by 

compressed air.  

Figure 1 shows the experimental setup. The carbon 

black was then passed through the laser beam and a pair 

of metal plates with a high potential difference between 

them. This distorted the fragmentation pattern as the 

ionised particles were attracted to one of the plates. This 

provided information on charge/mass ratio of the particles. 
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Figure 1 Experimental setup showing the laser path and 

measurement volume.  

3 Results and Discussion 
This study has shown that soot aggregates under high 

intensity laser pulses undergo a two stage “explosion”, the 

first of which is presumbed to be the weaker force holding 

the aggregates together and the second is the fracturing of 

the individual, tightly packed graphite layers of the 

primary particles. The velocities and direction of this 

fragmentation can be seen in Figure 2. This fragmentation 

of the particles is caused by the ionisation of carbon under 

the laser field with the ejection of electrons, causing the 

positively charged carbon molecules to repel each other 

and fragment.  

For a comparatively large particle subjected to the laser 

field, this produces many electrons locally. In the vicinity 

of the particle there is likely to be, effectively, a weak 

plasma which interacts with and absorbing light. This has 

been shown in this study where a continuous wave laser 

and the continued energising of carbon particles 

eventually blocks any signal being detectable by the ICCD 

camera. 

Along with the current findings, this study will perform 

the study of carbon aggregates and primary particles in a 

laser field and subjected to an electric field. The trajectory 

of fragments of carbon can be recorded and compared 

with a second set of trajectories when the fragments are 

subjected to the electric field. The difference between these 

trajectories, along with the known strength of the electric 

field, can be used to determine the Coulombic forces in the 

soot aggregates and primary particles, the temperature 

threshold for the ionisation and the mass/charge ratio for 

the particles. With this information, a model on this laser 

induced soot aggregate ionisation can be devised.  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 2 Explosion velocities from a dual sequenced images, 

measured using particulate image velocimetry (PIV). 
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