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STEADY-STADE CHARGE OF DUSTS IN THERMAL PLASMA
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The determination of value and sign of charges  of the dusts inserted in a plasma is the key point in the problem of appearance and confinement of structures formed by these dusts. As it is well known, in weakly ionized plasmas of dc-discharge or rf-discharge, where the plasma electrons are “overheated” with respect to the  ions, the dusts are charged negatively. For given discharge conditions and particle sizes, the dusts can accumulate high charge of the order of 103-105е. The charge Q on each dusty particle with radius R is usually estimated by using the relation:

Q = R(fl,

where (fl is the “floating” potential. The latter, in view of much higher mobility of electrons,  is negative under discharge conditions:

(fl ( ( (1/2)(Te/|e|)ln[(mi/me)(Te/Ti)] < 0.

Very much the other way, in the plasma of high temperature flames dusts are charged positively, as it has been recently proved in the experiments. Under these conditions, plasma is quasi-steady-state, hence the equilibrium charge of dusts can be found by the minimisation of free energy of the whole system, which consists of molecules (or atoms), dusts and free plasma charges. Here, the process of establishing of equilibrium dust charges can be considered by the analogy with the process of the establishing of steady-state plasma degree of ionisation. In the report, the simplified model is discussed. In this model, to minimise free energy of the whole system, the most energetically favourable opportunities are chosen for each electron: The electron can be free, be ‘attached’ by dust, or be bounded to gas atom. Obviously, the realization of these opportunities depends on the difference in energetic levels of corresponding electron states. It has been shown, that under definite conditions the value of equilibrium dust charge is defined mainly by the difference in the energy of electron bounded to atom and the energy of electron trapped by dust:

Q ( R(I/|e|.

As a role, this difference in the energies is positive, hence the equilibrium charge of the dusts must be positive too, as it has been observed in the experiments.
It should be noted also, that the mechanism of ‘change of sign’ of dust charges might be different, if the impurity atoms effectively attaching the electrons are present in appreciable amounts in plasma. If plasma contains appreciable amount of negatively charged ions, the sign of floating potential varies due to effective change of mass of negatively charged current-carriers. The change of sign of floating potential can lead to the consequent change of sign of dust charge. 
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