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Abstract

The program (EEDF) is employed to solve Boltzmann equation to study the
electron energy distribution function EEDF and the transport coefficients of
pure sulfur hexafluoride gas and its mixtures with Neon gas. In this paper it is
focused on the effect of various concentrations of the gas mixtures on the
EEDF and the corresponding transport coefficients. The results are graphically
presented and discussed in order to exhibit the differences among the various
mixtures on the EEDF and the transport coefficients. In this sense, it is found
that each mixture has an individual influence on EEDF and the transport
coefficients.
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Introduction

It is well known that the inert gases when mixed with certain gases are of a
certain important in some applications such as plasma technology, and
electrical discharge. As the inert gases are monoatomic and its atoms have
closed — shell structure, the electron collisions with inert gas atoms is an ideal
case of the processes of the electron — atom collision [1]. The inelastic
collisions are insignificant compared to elastic collisions on the distribution
function [2]. The electron energy distribution function EEDF is essential in
plasma modeling because it is important to compute the reaction rates [3-4].
There are many functions that describe the EEDF such as Druyvesteyn,
Maxwellian, and solution of the Boltzmann equation [5-6]. The transport
coefficients can be derived from EEDF which is affected by the choice of the
function used. It is known for high — voltage equipment the use of sulfur
hexafluoride SFg as an insulation medium for a large scale [7]. Although, the
transport properties of the mixtures of SFg with Ne have been studied for the
previous couple decades [8], the numerical solutions corresponding to the
rapid development of computers lead to the appearance of some creative
scientific software package that treat the problems so friendly and give a
suitable and highly appreciate of accuracy of the problem. One of these
programs is (EEDF) which solve numerically the Boltzmann equation for the
EEDF in low ionized plasma of a mixture of gases in an electric field by the
two — term approximation [9]. While the physical properties of the plasma
can be mainly defined by electron velocity distribution function, the statistical
behavior of electrons and its transport properties are directly ruled by the
electron energy distribution function EEDF. To obtain the EEDF one can
solve the Boltzmann equation. The balance of the electron collision losses
with electrons gain due the acceleration of electric field determines the EEDF.
Therefore the EEDF is essential to understand the transport properties of both
pure and gas mixtures in plasma discharge for example. This paper
theoretically investigates the influence of SF¢ gas concentration in SFs — Ne
mixtures on the electron transport properties. The EEDF and the
corresponding transport properties are obtained by solving Boltzmann
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equation using (EEDF) software package program. Further, the study includes
the investigation the effect of reduced electric field E/N on the electron
transport coefficients.

The Numerical Solution of (EEDF) Code

The program (EEDF), described in [9] is used for calculation of EEDF and the
electron transport parameters by solving the Boltzmann equation. The
Boltzmann equation describes the evolution of the distribution function in
phase space. The Boltzmann equation can be written as[5]:

ul/zfo(u) (dne/dt) =Ig(w) + I () + Iin(u) + Iee(u) 1)

where u is electron energy, f,(u) is the isotropic part of the function, Ig(u)
describes the electrons heating in the electric field, and I (u), I;,(u) and
I..(u) characterize the elastic, inelastic and electron — electron collisions. The
term dn,/dt represents the conservation of the electron density

dne/dt = ny(V; — Vagt — Vyec) (2)

where V;,Vaie, Veee are expressed in terms of suitable integrals of f,(u). They
are the frequencies of ionization, attachment and recombination, respectively.
Iterative method is used to solve Boltzmann equation numerically. The code
solves Boltzmann equation starting with equation (2) which then substituted in
the equation (1) in order to calculate (dn,/dt)™ value. The code is restricted
by criterion value to end the iterations procedure and the function fJ**1 is
counted as a solution. Finally, by setting the distribution function, some of the
plasma characteristics are calculated. These equations are used to calculate
The mean electron energy

= ["u3?f(wdu 3)

The electron mobility
12e poo u3/2

o= =5 o du @)

3m- 0 v,(u) du

where v, represents the electron momentum — transfer collision frequency.
The drift velocity
E2e oo u3/2

W, = -2 o gy (5)

3m-70 v, (u) ou

The electron diffusion coefficient
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D, =-— fodu (6)

The characteristics energy
fien = €= (7)

Results and Discussion

Figure (1) shows the electron distribution function EEDF vs. mean electron
energy for various values of reduced electric field E/N where E is the electric
field and N the gas density in pure SFg ina unitof TD (1 TD = 10~17 Vcm?).
The outcome of curves in the figure is due to usage of constant electron
concentration is 1 x 10 cm™3 and constant pressure is 760 torr in the
calculations. The figure shows that as the mean electron energy increases the
EEDF decreased for fixed E/N. At lower mean electron energy, the lower
value of reduced field E/N gives higher value of EEDF, nevertheless as the
mean electron energy increases the decreasing of EEDF is fast for lower E/N
compared to the higher values. It is evident that the width of EEDFs for
various E/N is being large for higher E/N. The higher band of larger E/N is
due to the higher value of the electric field which heats the electrons and
therefore increases the energy of cold electrons. In turn, this will affect the
electron transport coefficients.

66



JOURNAL OF COLLEGE OF EDUCATION ¢+ 2016 NO.5

L L

—— E/N=50 Td
—— E/N=100 Td
——E/N=150 Td ||
E/N=250 Td
——E/N=350 Td
E/N=450 Td ||

f (u) (ev3?)

0 10 20 30 40 50 60
u(ev)

Figure (1): EEDF versus mean electron energy for different values of
reduced electric fields E/N in pure SFg

One of the main parameters that affected by concentration’s variation of SFg is
the mean electron energy. Figure (2) shows this effect for a fixed value of
reduced field. In this figure we can observe that the mean electron energy
decreases with increase the SFg content in the mixtures. The reason for this
behavior is due to the variation of the EEDF of the each individual mixture.
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Figure (2): Mean electron energy versus SFs content for SFs — Ne mixture, the

electron concentration is 1 x 101® cm=3, the pressure is 760 torr and E/N =
200Td
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Whenever we change the ratios of the mixture of SFs and Ne gas, the relation
of EEDF with mean electron energy will be independent distributed for a fixed
value of E/N as shown in figure (3). The pure SFs has higher EEDF at lower
mean electron energy compared to its mixtures with Ne. However, at mean
electron energy < 14 eV the EEDF shifted to the right towards increasing
values of EEDF as the SF¢ concentration is decreased.
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Figure (3): EEDF of SFs — Ne mixtures versus mean electron energy, E/N = 200 Td

Figure (4) indicates the relation of electron energy distribution as a function of
mean electron energy for some certain values of E/N from in two different
mixtures that are SFg (10%) — Ne (90%) as shown in figure (4a) and in SFg
(75%) — Ne (25%) as in figure (4b). Clearly, as the mean electron energy
increases the EEDFs are shifted to right as the reduced electric field increased.
The shift of EEDFs is higher in the case of SFg (10%) — Ne (90%) compared
with the concentration SFs (75%) — Ne (25%). This means that lower
concentrations of SFs in the mixture leads to raise the profile of EEDF of the
mixture.
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Figure (4): (a) Electron energy distribution functions vs. mean electron energy of SFg
(109%) — Ne (90%) mixture for different values of E/N. (b) The electron energy
distribution function versus mean electron energy of SFs (75%) — Ne (25%) mixture.

The effect of reduced field on mean electron energy for some concentrations
is plotted in figure (5). The range of E/N used in the calculations is 10 — 500
Td. In this figure, we note that as E/N increases the mean electron energy is
nonlinearly increased. The relation depends on the concentration of SF¢ gas in
the mixture. The pure SFg gives lower curve and as the SFg gas decreases the
curves begin to rise up in the direction of increased mean electron energy. In
other words, the curves are raised up as the percentage concentration of buffer

gas increased in the mixtures. The literature is in good convention with this
fact.
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Figure (5): Mean electron energy versus reduced field E/N
of SF¢ and its mixture with Ne

Figure (6) expresses the relation between the reduced field and the
characteristic energy for the same mixtures used above. As the E/N increased
the characteristic energy increased. The increasing of the buffer Ne gas in the
mixture leads to rise the curve up, however, the curve of higher concentration
of the buffer gas differently increases compared to the other curves of lower
concentration at higher reduced field.
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Figure (6): The characteristic energy versus reduced field E/N of SFg and its
mixture with Ne.
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Figure (7) denotes the relation between electron diffusion coefficients with the
reduced electric field. The electron diffusion coefficient increases gradually as
the E/N increased. Mixing Ne gas with SF¢ yields higher curves, respect to the
pure SFs, depending on the percentages of ratios of both gases. A lower ratios
of SFg in the mixture gives higher curves.
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Figure (7): Electron diffusion coefficient vs. reduced field of SF¢ and its mixture with
Ne, the electron concentration is 1 x 101® cm~3, and the pressure is 760 torr .

Figure (8) shows the dependence of the drift velocity on the reduced field for
various values of ratios of SFs and Ne. The drift velocity increases as E/N
increased for the pure SFg and its mixture with Ne. Higher concentration of
buffer Ne gas in the mixture gives higher drift velocity. In spite of that, one
can note that at higher E/N and for the ratio of SFs (10%) — Ne (90%) the
slowly nonlinear increasing compared to other ratios. The drift velocity results
due to opposite movements of both electrons and ions respect to the electric
field.
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Figure (8): The drift velocity versus reduced field of SFs and its mixture with Ne.

Figure (9) shows the electron mobility versus E/N for different percentages
concentration of SFg in the mixture. The electron energy loss due to the
collisions between electrons and the neutral the electron mobility is inversely
exponential proportional with E/N. As SFg decreases in the gas mixture, the
curve of mobility vs. reduced electric field is raised.
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Figure (9): The electron mobility versus reduced field of SFg and its mixture with Ne.
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Conclusion

In this study, we use (EEDF) software program to solve Boltzmann equation
to obtain the electron energy distribution function and the transport
coefficients of SFg — Ne gas. Results show that the relation between the mean
electron energy of SFg — Ne and the concentration of SFg in mixtures is
exponentially decreasing as SF¢ content is increased. Furthermore, there is an
intensive reliance of EEDF on E/N as SFg — Ne gas mixture is varied. The
EEDF shifts towards increasing of mean electron energy according to the
increasing of E/ N. Decreasing SFg content in the gas mixture leads to raise the
EEDF curves versus reduced field. The mean electron energy and reduced
electric field have increased nonlinearly relationship. Analogous behavior
between the characteristic energy versus reduced electric field for the various
mixtures is distinguished. However, the behavior for higher concentration of
Ne in the mixture and at higher reduced field is different compared to other
curves of characteristic energy versus reduced electric field. The electron
diffusion coefficient versus reduced field has linear relation for various
concentrations of SFg and Ne, however at lower values of reduced field this
relationship does not apply. Finally, the curve of the drift velocity is bending
down at lower concentration of SFs content in gas mixture.
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