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ABSTRACT

The work gives the results of solving a self-consistent prob-
lem permitting to calculate macroscopic properties of electrons,
nolecules and also relative concentrations of radicals and char-
ged particles being formed in a plasma-beam discharge depending
on the parameters of the discharge. Experimental data of the
formation of hydrocarbon radicals in a discharge are presen-
ted also in this paper.

1. KINETICS OF ELECTRONS AIlD MOLECULES

As shovm in /1/ the kinetic equation for electrons in a
plasma-beam discharge at a high density of neutral particles

has the form:
of = Wop (f)- St§)-Dz(4)
el - a4 (1)
Dt Ne £ f

where -f({) is the electron energy distribution function, W-
is the energy volume density of Langmuir oscillations; Ne -
is the electron concentration.

The first right part member of eq-n (1) describes the elec-
tron heating in the Langmuir oscillations field, the second
shows the interaction of electrons with particles of weakly ioni-
zed gas, the third - the loss of electrons. Since the member
showing the interaction of electrons with gas particles depends
on their quantum state, then along with eq-n (1) it is neces-
sary to solve a system of eg-ns describing the quantum &tates
digtribution function of the particles. Since many chasmical reac-
tions proceed with the participation of oscillatorily excited
molecules, we shall tirst of all be interested in the kinetics
of oscillatory levels. In the case of two-atomic molecules it
isg described by the following system of eq-ns /2/

e - e P S .
%’f = GIF,F)=P(F) + n.'(F, §) -D(F) (2)
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where F (V) ig the oscillatory levels distribution function
of molecules., The first right-hand member of (2) describes a
one-quantum exchange V-V’ | the second - one-quantum proces-
ses V-T - relaxation; the third - the process of electron inte-
raction with molecule oscillatory levels, the fourth - the gas
Tflow through the discharge zone, It may be shown that in the
gstationary case the character of thie processes taking place in
the discharge zone is defined by the following parameters:
W/po, PoTo, pPebs where Lo is the neutral gas pres-
gure, Te 1is the characterigstic time the working gas spends
in the discharge zone, 4 iz the characteristic discharge
dimension that defines the rate of ambipolor diffusion. It
should be noted that eq-n (1) turns out to be primcipally non-
Linepr with respect to the distribution function £ , as the
electron heating rate is proportional to 1/ne , and #eo is
defined by the electron number balance equation,

The system eq-n (1,2) has been solved with the help of a
gpecially developed multistep iteration method. The calcula-
tions are performed for molecular hydrogen.

Fig.1 shows the dependence of the ionization degree ol=HMe /W,
the mean electron energy and the valug W /he Te on the
parameter  pc'T, at  W/p. =10-T J/cm’, Torr and Pl
= 10 Torr.cm.

Pig.2 gives the oscillatory levels distribution function
of moéeculep in the saturation regime for the values W/p, =
= 1075, 1077 J/cm3.Torr. The dependence of the oscillatory
energy &, and the loading efficiency of the oscillatorg le-
vels nV on the parameter pPeo | at W/pe =10-7.J/cm3Torr
and pol =10Torr.em is given in Fig, 3.

"ig.4 shows the dependence of the relalive energy losses
Z" (here: V- is the oscillatory excitation, PI-io the dis-
sociations, EL - are the elastic losses, EI are the electron-
ion colligsions, EE is the electron excitation, I - ionization,
br-aiffusion, VI-V-T relaxation, W - dissociat?on Irgm the up-
per oscillatory level) from PeTe at Wip =107 J/cm’.Torr,
PJJ=1O Torr.cm.,

2. KINETICS OF RADICALS AND CHARGED PARICLES

To investigate The effecliveness of the dissocintion and
ionization processes in a stationary plasma-beam discharge, the
present work also cougiders the reactions employing heavy por-

ticles f/: iong (II+,1,lH%), inexcited molecules and radicals -
hydrogen atomg inthe éroand and a metastable sgtate H (23).
The system of equations of heavy particles balance was solved
together with Botzman's kinetic eq-n (1) and the quasineutra-
lity eq-n for charged particles. It was supposed that the life-
time of charged particles is defined by the rate of the ambi-
polar diffusion, and the life-time of radicals, neutral mole-
cules and metastable atoms-by their presence time in the wor-
Iking zone of the discharge. As a result of a self-congistent
calculation besides thedistributionfunction of the electron
and their various macroscopic properties, the degrees of gas
ionization and dissociation were calculated and also the con-
centration of ions and metastable atoms in dependence of the
piven parameters:

Iig.y,6 give the dependences of the degree of ionization
( X¢) and disgociation ( X» 5 on the gas pressure Po Lor
different values of W (J/cm”), calculated at T =10-4(sec),
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and Fig.7,8 give the dependences o:f_? Xiand X3 on the time
T (sec) calculated at fh; =3.10 “Yorr,

3o EXPERYMSITAL RESULYS

The experimental regsearch of hydrocarbon radical formation
was carried out on the installation described in /4/. Chemionl-
1y pure metlhane was used es a work gas. The analysis of the
reaction products was carried out by the mass-spectrometric me-
thod., The table (I'if.9) presents the results of mass-spectro-
metric measurements, The first and the fourth lines show the
data of tlie methane mass-spectre without eny discharge at the
preasure oi 6,10~2 Torr and 2.,10-2 Torr correspondingly. At the
pressure inside the chamber ~ 6,102 Torr and the beam povier
of the order of 1 kwt the formation of CH mostly takes place,
and at the pressure ~ 2.10-2 Torr only pgaks C2H2, CH2, H2
are observed.

4.CONCLUSION

The experimental and conclusion results show that by chan-
ging the pluasma-beam discharge parameters such as preasure and
electron bcam power, it is posgible to purposefully govern
the kinetics of plasma-chemical reactions., The solution of the
self-consigtent problem permits in the frame of & theoretical
model to calculate the optimal parameters of a plasma-beam
discharge nccessary for obtaining the maximum eifectiveness of
the specified product outcome,
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