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Particle agglomeration in dusty plasmas, numerical modeling and experiments
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Plasma processes often involve dust occurrence. Plasma spraying and etching

techniques are particularly concerned with this problematic. Another example is

tokamaks where important dust production due to plasma-wall interaction has been

observed, inducing critical security and efficiency issues. Thus, dust formation,

aggregation and transport in plasmas are research topics that meet a broad audience.

Experiments and numerical simulations can bring some answers, however models shall

be developed to physically explain and/or describe them. In the present study

aggregation mechanisms of carbonaceous particles in plasmas are investigated. First,

experiments have been carried out in radio-frequency plasma where argon/acetylene

mixture is injected to produce spherical or chain carbon dust. Among the optical

diagnostics used to monitor the particle growth within the plasma sheath, fast visible

camera, laser scattering and visible and infrared spectroscopy have been used. The

recorded intensities shall be used to identify dust key parameters, namely: their size

and concentration. In order to obtain these parameters and to develop an efficient 

in-situ dust diagnostic, a promising technique is based on light scattering

measurements similarly to what has been done for aerosol characterization. According

to the electromagnetic theory, wave propagation in complex media is described by

Rayleigh and Mie scattering for spherical dust and is function of particle size,

concentration and refractive index. When steady-state is assumed, measurements at

several wavelengths and observation angles can provide enough data to recover the

particle size distribution. This is much more complicated with dynamical processes

such as agglomeration, where transient description of particles growth has to be

modeled. This problem has been addressed here with a sectional model and

agglomeration kernels that take into account Brownian and turbulent motion of dust

which collide. This model is coupled to a light scattering simulation tool based on Mie

theory to assess radiative properties of the particulate medium, and to a ray tracing

code to model light propagation through dusty plasma in our experimental

reactor.These three models are used to predict particle growth and spectral

measurements during plasma processing. Numerical simulations are compared to

experiments for various plasma discharge parameters (pressure, mixture, power...).
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