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ESTIMATION OF IONIZATION POSSIBILITIES IN PLASMA OF ATMOSPHERIC PRESSURE DISCHARGE WITH ELECTROLYTE CATHODE
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Ivanovo State University of Chemistry and Technology, Ivanovo, Russia, titov@isuct.ru
The results of experimental study of physical parameters of DC discharge (i=10-50 ma) which was excited in air at atmospheric pressure between liquid cathode (distilled water) and metal anode have been presented as well as the estimation of the ionization rates for gas phase components. The distribution of potential in discharge has been measired by means of moving anode. On the base of these data the electrical field strength in plasma and cathode voltage drop has been found. The size of plasma radiating zone has been found using the digital camera. The bands of 1+ and 2+ N2 systems, atomic oxygen lines, (-system bands of NO, OH-bands (A2((X 2() and H(, H( lines of atomic hydrogen have been recorded in radiation spectra. The N2 (C 3Πu) rotational temperature which under experimental conditions equals to gas temperature was 1800 – 2000 К. The populations of low vibration levels for (C 3Πu) have been well described by Boltzmann distribution with apparent vibration temperature of TV~ 4000 K. The apparent temperature of electron excitation of hydrogen atoms was found on the ratio of H( and H( lines intensities was ~6000 К.  

The non-equilibrium transfer of water molecules in gas phase under the action of ion bombardment of liquid cathode changes the plasma composition. That is why the electron energy distribution function (EEDF) has been calculated changing H2O mole fraction taking into account the collisions of electrons with the N2, О2 Н2О and Ar. The experimental values of reduced electric field strength E/N have been used. The calculations showed the EEDF is non-equilibrium. The electron collisions with water molecules result in the decrease of average electron energy as comparison with the dry air plasma, rate constants of processes with relative low thresholds being changed slightly under variation of water mole fraction. The main processes forming the EEDF are elastic collisions and excitation of vibration levels. About 95 % of electron energy is consumed on excitation of N2 and Н2О vibration levels. The estimation of electron density on the base of plasma conductivity gives the value of ~1012 sm-3. The average electron energy was 0.4 – 1 eV dependently on water mole fraction. The estimation of the minimal ionization rate gives the value of (0.63 – 9.6)×1015 sm-3s-1 dependently on kind of dominating ions with the assumption that the dissociative electron-ions recombination determines the charged particles losses. 

Calculated ionization rates for N2, О2 and Н2О molecules by direct electron impact were essentially lower. The excitation processes of A3(u+ and a’ 1(u- states of N2 molecule possessed much more rates. But high quenching rates of these states exclude the possibilities of stepwise nitrogen ionization through these states. The NO molecules ionization provides required rate of charged particle formation only at quite high NO concentration which can not be achieved under conditions of atmospheric pressure discharges in air. Perhaps, the next analysis of possible ionization processes requires the consideration of the more wide set of processes including products of plasma chemical transformations. 
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