N
N

N

HAL

open science

THE POSITIVE COLUMN IN THE
THREE-COMPONENT MIXTURE Ne/H/H2-
EXPERIMENTAL RESULTS IN COMPARISON
WITH AN APPROXIMATIVE DIFFUSION THEORY
P. Michel, S. Pfau, A. Rutscher, R. Winkler

» To cite this version:

P. Michel, S. Pfau, A. Rutscher, R. Winkler.

157-C7-158. 10.1051/jphyscol:1979777 . jpa-00219483

HAL Id: jpa-00219483
https://hal.science/jpa-00219483
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

THE POSITIVE COLUMN IN THE THREE-
COMPONENT MIXTURE Ne/H/H2- EXPERIMENTAL RESULTS IN COMPARISON WITH AN
APPROXIMATIVE DIFFUSION THEORY. Journal de Physique Colloques, 1979, 40 (C7), pp.C7-


https://hal.science/jpa-00219483
https://hal.archives-ouvertes.fr

JOURNAL DE PHYSIQUE

Colloque C7, supplément au n°7, Tome 40, Juillet 1979, page C7- 157

THE POSITIVE COLUMN IN THE THREE-COMPONENT MIXTURE NeIHIHz- EXPERIMENTAL
RESULTS IN COMPARISON WITH AN APPROXIMATIVE DIFFUSION THEORY

P. Michel, S. Pfau, A. Rutscher and R. Winkler™.

X

INTRODUCTION :During the last years the ki~
netic description of electrical discharges
in multi-component gas mixtures had shown
considerable progress.This was the conse~
quence of an already high degree of per-
fection in solving the BOLTZMANN equation
for electrons.Egpecially multi~component
gas mixtures are important in LASERs and
plasma chemical reactors.Typical for such
devices is a more or less marked infter-
action between the composition of the mix-
ture and the properties of the discharge.
Analysing the dissociation of Hj recently
a first example of the influence of che-
mical changes{produced by the discharge
itself)on the electrical characteristic
wag given/1/.1It could be shown that the
negative differential resistance of the
positive column follows from increasing
dissociation,which reached a considerable
extent (about 100%)at high currents and
low pressures.,Unfortunately in pure hyd-
rogen discharges the space and time be-
haviour is often complicated by standing
or moving striatiocons,fluctuations eic.
More silent operation conditions are poss-—
ible in mixtures of hydrogen and inert
gases.

In this paper a neon/hydrogen mixture is
investigated by measuring the electric
characteristic and the degree of disso-
ciation.Based on a simple theoretical mod-
el the experimental results sre compared
with calculated ones.

EXPERIMENTAL ARRANGEMENT :The axial elec-
tric field strength of the positive col-
umn(length:1m, radius:icm)was measured via
two usual static probes.To reduce the
large influence of the electrodes on the
degree of dissociation(effective recombiw
nation at the metallic surface)two narrow
capillaries were attached in front of the
electrodes.The degree of dissoeiation was
determined using a WREDE~HARTECK-probe.

In all cases the discharge tube was con-
nected with a large dead space.

THEORETIC MODEL:Till now no solution of
the BOLTZMANN equation is known for elect~-
rons in the three-component mixture
Ne/H/H,.But the discussion of this equa-~
tion shows that generally the contribution
of not too large Ne constituents only
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plays a rather small role in the electron
kinetics compared with the other terms
(resulting from H and Hz)because of the
gmall cross~sections and the large atomic
masg of Ne,Neglecting all the Ne terms,
the BOLTZMANN equation for electrons in
the Ne/H/H2 mixture changee to that in the
H/H2 nixture with the only difference that
the actual(reduced)fieldstrength E/po is
replaced by a effective one (E/po)eff=
E/p (1-%,);x, :relative concentration of
Ne.In the framework of this approximation
the Ne admixture in a molecular gas dis-
charge mainly plays the role of a buffer
gas.Some calculations and experiments have
shown this very clearly in the Ne/N,-mix-
ture/2/.1t could be estimated that up to
x,£ 0,5 and (E/po)eff5 20 V/cmTorr the ex~-
plicit influence of Ne in the H/H2 mixture
is very small.At higher Ne content the in-
fluence is noticeable,especially in the
H/H, ionization range of the electron
energy distribution function,

Taking into account Ne only as a buffer
gas the diffusion theory of the positive
column in the Ne/H/H2 mixture can be form-
ulated using the electron energy distri-
bution functions of H/Hz,mentioned in /1/.
Then the balance equations of the charge
carriers,of the H atoms and of the dis-
charge current give the basis for calcu-
lating the column characteristic,the de-
gree of dissociatlon etc.With some further
simplifications these equations read:

(A /r)2(D [0 ) (6T/N,) = xy31 + %52
X1Xo%p = X4 (xozRONo+x1zR1No+x22R2No) +
-4¢X1374r°g0 =0

i=x e.r, NoxIbeE

(?\:2,405;De,b tdiffusion coefficient and
mobility of®el8ctrons;b*:mobility of ions;

No:total concentration of neutral partie-
les;xb,;a,xlzrelative concentrations of
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Ne,H,and H, particles;z,,zaq:ionization
rate of H and Hp;zpirate of Hy dissozia-
tion by electron collisions;zpirecombina-
tion rate by three body collisions of H
atoms; ¥+ :wall recombination coefficient
of H atoms;C:thermal velocity;r,:column
radius;xy:degree of ionization).

The simplifications mentioned are:Use of

only one value for the mobility of the
different ions H',H,',H;"(BLANCs law shows
that this is correct within a failure of
about 20%;b+h=1,3 m2/Vs at 1 Torr) ;neglect
of the ionization of Ne and neglect of the
PENNIRG ionization of H and H2 via meta-
gstable Ne atoms.

RESULTS:Fig.1 shows that with increasing
Ne content X, the degree of dissociation
xD=xva1+x2) is increased too.This is the
consequence of the increase of the effect-
ive field strength.Althsough the hydrogen
component decreases by this change of the
mixture ratio the absolute value of the H
atom concentration remains nearly constant
in the beginning(Fig.2).Fig.3 shows the
degree of ionization and dissociation in
dependence on the discharge current. The
measured values X; agree quite well with
the theory.Pinally Fig.4 compares the
measured and calculated electric charac-
teristic.The two dashed lines correspond
to the limiting cases of constant chemical
constitution:Ne/Hz(upper curve), Ne/H(lower
curve),An explicit consideration of Ne in
the BOLTZMANN equation of the mixture
would increase these limits which roughly
correspond to the experimental values.But
the transit from the upper to the lower
level differs considerably.Mainly this
must be attributed to the neglect of the
gas heating at higher currents.As a bound-
ary condition we used N°=const(ﬁogether
with n1+n2=const).But actually N, will de-
crease with increasing current,giving
higher experimental reduced electrical
field strengths than shown in Fig.4.
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