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ABSTRACT

Computer calculations of O, discharge are performed to revesal

an influence of elementary processes upon the mean features of
the discharge plesma. Special attention is devoted to the he-

terogeneous reactions of the atoms and metastables on the tube

walls.

Numerical analysis of dominant production and loss processes
of different particles in positive column of de 02- glow dis-
charge was performed. Fpor the discharge model the®six mosgt
i@portant gpecies of particles were chosen: electrons, 0 and
O, ions, atoms and molecules in the ground and metastable (‘AQ
s%ates. The transport coefficients of electrons as well as the
rate coefficients for electron-molecule collisions were cal-
culated using electron energy distribution function which was
obtained by solving the Boltzmann kinetic equation., A modified
algebraic form of the particle balance equations was used

N
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with an effective 1life timeﬂqﬂ{ due to radial flows of the
paerticles of the averaged concentrations N, and with the cor-
rection factors Qi ydue to radial distribution of the partic-
les densities / 1 ?. The production and loss of particles
occur via following processes (see also in / 2 /?:

P1 e + Og — O2 + e P8 e + O; — O; + 2e
P2 e+O;——-—>-0;*+e P9 e + 0, —= 0} + 2e
P} e+ 0, —s 0} +e P10 07+ 0 —==0, + e
P4 e + 07 —>=0 + 2e P11 07+ O —*= 0 +0, +e
P5 e+ 05 —=0 +0° P12 o‘+o*2‘-—->-03+e
P6 e + O —= 0 + 0 P13 o'+02-——--05+0
PT e+ 0, —=0 +0 P14 o‘+o§—->-02+o

The effective life time in the equations for atoms and mole-
cular metastables has the form
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The correction factors g, involves both the effects of a fi-
nite catalytic activity Of the wall surfaces and of volume
destruction processes distorting the radial Bessel distribu-
tion of the particles which is commonly used as a zero ap-
proximation / 3 /. If the radial profiles are expressed by
the Bessel function of zero order for nonreflecting wall sur-
faces due to the radial diffusion are replaced by effective
first-order reactions with the rate constants
1 _ 1 . 7\':-]) . - 1
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(X is the first root of the Bessel function, Di is the
diffusion coefficient). The correction factor Qi , occuring
only in the quadratic production or loss terms, ls equal to

_AY

= 1.45 in this case. Considering a reflecting wall sur-

h R dni(r)
face ni(r) + x“—)‘—.{ —~—le————- =0 for r = R
the factors g, are complicated functions of o} -
nV 1
= T = = , 1t represents the time necessary
I'- nvSs ki ﬁ Vki

for the surface destruction of all particlec in the volume V
neglecting the effect of diffusion; v = mean velocity, k., -
recombination or deactivation coefficients) and other fa&tors,
recombination or deactivation coefficients) and other factors,
expressing the influence of volume destruction processes. It
was shown for several examples of the radial distribution in
/ 1 / (summarized in,Tab. 1). The values of Q;; then lie
within interval(l, A >.The reflection coefficlent Xiin Tab, 1
is related with the deactivation coefficient of the metastab-

les kD on the wall bx
1 1/ (2—ki) 2 x,Di 2—}(i
x-: —— = ¢
’ A, ll‘i.'iw vR k:i

The radial negative ion flow at the wall is set equal to zero
/ 4, 5 /, consequently, 1/T;#f= 0 in the balance equation for
these ions, which we think to be a more realistic condition

than the finite negative ion wall life-time of earlier papers.

To reveal the influence of the above listed processes on the
macroscopic parameters of the oxygen discharge we modified the
regpective terms in the set of equations in the way shown in
Tab., II., Some results of the numerical calculations are summa-
rized in Figs 1 - 4 as a function of the concentration parame-
ter NR for the constant reduced discharge current I/R = 4 mA/
/cm. The most essentjial changes appear in the concentrations
of metastables and 0 ions as well as in the ratio« = 0 /e.
The voltage-current characteristics (compared with experimen-
tal points of Sabadil / 6 /) differ from each other much less
and the curves for electrons and atoms are practically identi-
cal (these refer to the curves 1 - 4 in Figs.).
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A production of O -ions is governed by the dissociative
attachment (P6) within the whole considered region of para-
meters NR and I/R which is balanced by the detachment either
with molecules O, in the ground state (P11) at lower values
of the parameter“NR or with metastables (P12 - at lower I/R)
and oxygen atoms (P10 - at higher I/R) at its higher values.
As for the 0, metastables the direct excitation from the
ground state“0, is mainly offset by the term replacing the
radial flow in“which the more suitable from 1/(1 + X;24/2)
of the correcting factor g, was used as it follows from its
dependence on NR in Fig. 2. The similar situation is valid
for atoms, only the dissociation is replaced by the excitat-
ion, The dissociati_on is considered here as a result of the
balance of the collisional processes summarized above., We
neglected an additional "ladder-climbing" mechanism across
the vibrational excitations of the ground electronic state of
0, which was discussed by Capitelli / 7 /. On the basis of a
pfevious analysis and comparisons with experiments / 8/

ko = k. = 10-3 was chosen in our calculations. Thus omitting
iResseﬁtial collisional processes (P2, P4, P5, P8) in the par-
ticle balance equations we obtained the curves number 5 in
Figs (marked also by crosses).

Taking into account the set of the cross sections from

/ 9 - 11 / and the results of the discussion of total dissoci-
ation cross section in / 12 / we corrected some of them, espe-~
cially, the cross sections with electron leading to the disso-
ciation of O,(we replaced that one of 4,5 eV with those,
starting fro% 5,1 eV, 7,2 eV and 9,4 eV energies) and recalcu-
lated the electron distribution function. We again obtained

a reasonable agreement of all electron transport, attachment
and ionization coefficients with experiments. When the colli-
sional frequencies of the present calculations were put in the
balance equations the curves number 6 in Figs were obtained.
Moreover the collisional frequencies for other additional
processes, which can be considered in particle balance equa-
tions (curve 7), including those with O3 molecules

P15 e + 0 — 07 + 2¢ P18 e+03—-0—+02
P16 e + O,— ot + 0~ P19 e + 03 —= 0 + O,
P17 e+02-———->0++0 P20 e+03—-—,-o;=+ 2e

were calculated.

In conclusion, even if the precision of the collisional cross
sections is limited the model of 0, discharge should include
a correct effective 1ife time due to the heterogeneous reac-
tions of the atoms and metastables on the wall. On the other
hand, a more precise model starting from the differential form
of the balance equations which would be significantly compli-
cated by the radial drift motion of the electrons and 0~ ions
in a self-consistent electric field, would not bring very
likely an essential improvementa, However, it is expected that
an augmentation of this model by the 03 molecules in connec~



tion with volume losses of atoms could influence the results
in the region of higher values of NR.
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