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Abstract

The result of concentration varying of mixture methane with argon and neon gas are
believed to study the change in electrons energy distribution function and then the change of
the electrons transport parameters including the drift velocity, the mean energy, characteristics
energy and diffusion coefficient. In the present work,a contemporary developed computer,

simulation program known as Bolsig” is being used for calculating the electron transport
parameters.
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Introduction

The electron transport parameters of pure and mixtures gas were studied for a wide
range of applied electric field. These parameters which include the drift mobility, velocity,
diffusion coefficient, ionization coefficient and mean electron energy, that are described in
collision cross section and the electron energy distribution function (EEDF) represented the
backbone of the electron swarm conduct of pure and mixtures gas in discharge of plasma [1,2].

The solution of Boltzmann equation is generally found by utilizing the Lorenz
approximation in which the initial two terms of the spherical harmonic development are
considered. The numerical solution of the Boltzmann equation yields the electron energy
distribution with the electric field E and gas number density N as parameters. Convenient
integration of the energy distribution function yields the transport and ionizing properties of
the electron swarm.

The electron transport in a gas under the have an effect of an electric field E can be
simulated with the assist of a Monte Carlo method [3-8]. Each electron, during its transit in
the gas, performs a succession of free flights punctuated through elastic or inelastic collisions
with molecules of gas defined by collision cross sections. Throughout the successive
collisions for each electron, certain facts (velocity, position, and many others.) is saved to be
able to calculate.

In this paper, we have studied the conduct of electrons in uniform electric fields by a
Monte Carlo method. Swarm parameters are determined as a function of E/N for various rates
of increase of the electric field [9].

The aim of this work is to study theoretically the electron energy distribution function and
electron transport parameters in DC electric discharge processes in methane, Argon and Neon
gases and their mixtures to various proportions from Monte Carlo simulation program.

2. Theory

2.1. Boltzmann equation

The transport Boltzmann equation governing the electron distribution fundamental
function; this equation can be driven simply by defining a distribution function and inspecting
its time derivative.

From this equation numerous important swarm parameters could be determined that it is
as yet being utilized as a part of numerous contemporary research projects to model transport
phenomena. The Boltzmann equation for electrons in an ionized gas is[10,11].

(&) +v.V,.+ (;E) -?v)f (r,v,t) = g)m”iﬂ_m, ................ (1)

or

d . .
(a—j:) +v.V.f+a.V,f= L J-f[f(v T, tjf;-[lf}-,r, t) — f(r,v, tjf;-(lr:,-,r, t) ® vr}-q,-(ﬂ,vr}-)dﬂ}-dlr}

where , f(r,v,t) is the electrons distribution function, a is the acceleration of charges
particles and v is the velocity of charge particles.

Fi (V;,r t) is the neutral species distribution function.
Vjis the velocity of neutral species.
vii =|v — V| is the relative velocity of charges particles
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o j (0, vy )is the differential microscopic cross section of interaction the charges particles
(electron) with neutral gas species j.

dQ; = sin dO d is the element solid angle, where 6 and ¢ are the polar and azimuthally angles,
respectively.

The electron distribution function can be written by utilizing the two-term approximation
extension as follows [12]:

fr,v,t) = f+X2:fi v, )p(coS0) v, (2)

2.2 Transport parameters

The swarm parameters of electrons and collision cross-sections with molecules are
identified with each other through the medium of the velocity distribution function of the
swarm.
The electron mean energy is,[13 and 14]

_ 2 31 N TNt e, 3)
g—g_“gu f(u,E/N.,T)du

where(g) is expressed in electron volts.

The drift velocity Vd, is [15]

. (29}1_.-1(35\?}? u df, J 1
(g = — — 17
d i?ll 3 0 Ztgsgsm(jt} dll! ------------------------------------ ( )

where u is the electron energy in (eV), ds is the number density of molecules (Ns)of species
S divided by gas number density N (65 = % ), whereQ,,, is momentum transfer cross section

(cm?), the mobility is defined as the proportionally coefficient between the
drift velocity of charged particle and electric field . The mobility of electrons is:
e Vd

Ue = T (5)

muvy,

where v,,,represents the electron momentum- transfer collision frequency.

From the connection between the drift velocity and mobility, we can compute electron
mobility equation [16]:
12e ;oo u3/2

ad
u, = — 1% VO GU o (6)

3m-“0 v,(u) du

The connection between diffusion coefficient and electron energy distribution function is
given by[17]:

12 o0 u3/2
D, =32
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Result and Discussion

To calculate the drift velocity of electrons and the others transport parameters utilizing the
Monte Carlo simulation program, knowledge of the reliance of the momentum transfer cross
section on the electron energy is basis. The drift velocity does not rely on upon electron
energy distribution function significantly, especially when the cross section does not fluctuate
quickly with electron energy.

We present the results of several transport parameters for various mixtures of methane in
argon and neon. For range of E/N values (1 Td <E/N<800 Td) the diverse ratios mixtures of
(CH4 — Ar) and (CH4 — Ne) gases are recorded in Table (1-8).

Tables (1 and 2) clarify the computed results for the drift velocity Vq as a function of E/N , in
(CH4 — Ar) and (CH,4 — Ne) gases, respectively.

Tables (3 and 4) explain the computed results for the electron mean energy, in different ratios
of gas mixtures (CH,; — Ar) and (CH4 — Ne) gases, respectively.

Tables (5 and 6) clarify the calculated results for the electron characteristics energy, in
different ratios of gas mixtures (CH4 — Ar) and (CH4 — Ne) gases, respectively .

Tables (7and 8) explain the computed results for the diffusion coefficient ,in various
proportions of gas mixtures (CH4 — Ar) and (CH,4 — Ne)gases , respectively.

Figures (1-3) exhibit the cross sections for electron of methane, argon and neon as a function
of electron energy.

The impact of different discharge parameters on the electron distribution function is
appeared in figures 4 and 5 for (CH4 — Ar) and (CH4 — Ne)gases, respectively. The electron
energy distribution function is strongly influenced by changing either the parameter E/N or
gas mixtures.

Figures (6 -9) clarify the assortment for the mean electron energy and characteristics energy
vs. (E/N) in pure methane and mixture with argon and neon gas by taking into consideration
various proportion mixing ratios.

Figures (10 and 11) show the diffusion coefficient for different ratios of mixtures methane
with argon and neon gas. As a function of E/N in different ratios of gas mixture (CH,; — Ar)
and (CH,4 — Ne) respectively.

The drift velocity of electrons in various mixtures of (CH4 — Ar) and (CH4 — Ne) gases are
appeared in figuresl2 and 13 as a function of E/N. It's necessary to note that there are
measured experimentally published results that plotted with present work in the aforesaid two
figures for comparison as shown in figures 14 and 15 for gases mixture (CH; — Ar) and (CH4
— Ne) respectively . The results demonstrate a good agreement with the experimental values
[18-20].

Conclusion

In this study, we have analyzed the conduct of electrons in uniform electric fields using a
Monte Carlo simulation. The calculating electron energy distribution function for (CH4 — Ar)
and (CH,4 — Ne) mixtures with various concentrations has been described.

The conduct of the swarm parameters, which are drift velocity and mean kinetic electron
energy rely on the proportion of the mixture components, can likely, be demonstrated by a
preferential weighting of the elastic and inelastic scattering of the electrons on methane with
argon and neon molecules at various estimations of E\N, additionally the results were in great
concurrence with the computational work.
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Electric Vs Vx10° Vx10° Vx10° Vx10° Vx10° Vx10° Vx10° Vgx10° Vx10°
field/gas | x10° CH4-Ar CH4—Ar CH4—Ar CH4—Ar CH4-Ar CH4-Ar CH4-Ar CH4-Ar CH4-Ar
d‘;";\"ty pure | (10/90)% | (20/80)% | (30/70)% | (40/60)% (50/50)% (60/40)% (70/30)% (80/20)% | (90/10)%
(ra=10v |
V.cm?)
1 472 441 6.92 732 752 7.30 6.86 6.31 575 521
2 472 3.27 524 6.74 7.86 8.65 921 9.47 575 521
4 1.01 2.39 3.79 4.97 6.02 6.95 777 8.49 9.12 9.68
8 7.76 1.85 2.75 350 417 479 536 591 6.43 7.27
10 6.87 1.86 2.66 3.35 423 450 5.06 551 599 6.44
20 482 2.30 2.69 3.02 432 3.60 3.87 412 437 459
40 485 375 4.03 4.25 441 453 4,62 469 474 481
80 7.80 6.63 6.89 712 731 7.46 758 767 773 778
100 9.44 8.07 8.33 857 8.78 8.96 9.11 9.23 9.32 9.38
200 1.79 153 156 159 16.2 16.6 16.8 171 173 17.0
400 354 231 164 119 913 73.0 60.4 514 447 395
800 722 124 130 136 127 116 106 95.6 86.8 79.0

Table (2) The data of Drift velocity V4 (cm/s) of electron as a function E/N in different

ratio CH,;-Ne mixtures.

Electric Vy Vgx10° Vgx10° Vgx10° Vyx10° Vyx10° Vgx10° Vgx10° Vgx10° Vyx10°
field/gas | x10° | CHsNe | CHs&Ne | CH,Ne CH,—Ne CH,—Ne CH,—Ne CH,—Ne CH,Ne | CH,Ne
density | nhyre | (10/90)% | (20/80)% | (30/70)% | (40/60)% (50/50)% | (60/40)% | (70/30)% | (80/20)%
EN CH, (90/10)%
(Td=10"""
V.cm?)
1 4.72 3.23 4.23 4.81 5.14 5.30 5.33 5.26 5.12 4.93
2 4.72 3.17 4.56 5.61 6.44 7.13 7.70 8.19 8.61 4.93
4 1.01 2.84 3.90 4.88 5.78 6.60 7.33 8.11 8.80 9.48
8 7.76 341 3.53 3.98 452 5.08 5.63 6.18 6.71 7.20
10 6.87 3.92 3.69 3.85 4.22 4.65 5.09 5.54 5.99 6.43
20 4.82 6.64 5.63 4.95 453 4.32 4.27 4.33 4.46 4.63
40 4.85 11.8 9.96 8.52 7.46 6.67 6.08 5.64 5.28 5.03
80 7.80 20.7 18.0 15.6 1.36 12.1 10.8 9.89 9.03 8.36
100 9.44 24.8 21.8 19.0 16.7 14.8 13.3 12.0 11.0 10.2
200 1.79 42.6 39.0 349 31.2 28.0 25.2 22.9 21.0 19.3
400 35.4 71.1 69.1 64.5 59.3 54.1 49.4 45.2 415 38.3
800 72.2 80.3 90 94.0 94.4 92.6 89.4 85.9 81.1 76.6
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Electric e(eV) g(eV) e(eV) e(eV) £(eV) £(eV) £(eV) g(eV) e(eV) g(eV)
field/gas pure CH, CH4Ar CH~Ar | CHeAr CHiAr | CHrAr | CHsAr CHsAr CHsAr CHsAr
de”Si_ty Ef :\‘ (10/90)% | (20/80)% | (30/70)% | (40/60)% | (50/50)% | (60/40)% | (70/30)% | (80/20)% | (90/10)%
Vert)
1 0.11 059 0.39 031 0.26 0.22 0.19 0.16 0.14 0.12
2 0.26 0.95 0.69 057 0.49 043 0.39 035 0.32 0.28
4 051 1.69 121 0.99 0.85 0.76 0.69 0.63 059 054
8 0.88 2.96 22 1.78 152 1.34 121 11 1.02 0.93
10 1.05 3.36 258 2.1 1.79 157 141 1.29 1.19 111
20 1.87 449 3.96 355 3.19 2.87 26 2.36 2.17 2.01
40 3.29 5.29 489 46 437 416 3.97 38 3.63 345
80 443 6.01 575 5.49 528 5.1 4.94 48 4.67 455
100 476 6.38 6.06 5381 56 541 5.26 512 4.99 487
200 5.99 7.49 7.25 7.03 6.84 6.66 65 6.36 6.23 6.1
400 8.11 19.71 15.63 13.33 11.84 10.79 10.01 9.4 8.89 8.47
800 13.33 27.81 24.56 22.03 2011 185 17.14 15.99 14.98 141
Table (4) The data of the mean electron Energy (eV) as a function E/N in different ratio
CH, — Ne mixtures.
Electric field/gas £(eV) g(eV) g(eV) g(eV) g(eV) g(eV) g(eV) £(eV) g(eV) £(eV)
density E/N pure CHs | CHeNe | CH,Ne CH/Ne | CH.Ne CH,—Ne CH,—Ne CHsNe | CHsNe | CH,Ne
(Td=10"" V.cm®) (10/90% | (20/80)% (30/70)% | (40/60)% (50/50)% (60/40)% (70/30)% | (80/20)% | (90/10)%
1 011 | 041 0.29 024 021 0.18 0.16 0.15 0.3 0.12
2 026 | 091 059 047 041 037 0.34 031 0.29 0.27
4 051 | 207 1.27 0.97 0.81 0.72 0.65 06 0.56 053
8 088 | 365 261 1.94 156 1.34 1.19 1.08 1 0.93
10 105 | 404 3.14 2.43 1.95 1.65 1.45 13 12 111
20 187 | 512 438 39 36 3.14 2.78 2.48 2.23 2.03
40 329 | 641 5.46 4.94 459 431 4.08 3.86 3.66 3.47
80 443 | 836 6.97 6.22 5.74 5.39 5.13 491 474 457
100 476 | 921 7.64 6.77 6.21 5381 551 527 5.08 491
200 599 | 1307 10.71 9.28 8.33 7.66 7.16 6.77 6.46 6.2
400 811 | 2064 17.1 145 12.78 11.44 10.42 9.64 9.02 8.52
800 1333 | 32.09 28.35 25.23 22.6 20.3 18.49 16.89 15.51 14.34
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Table (5) The data of the characteristic energy of electron uc, (eV) as a function E/N in
different ratio CH4 — Ar mixtures.

Electric field/gas | Uc (€V) Uen (eV) Uen (€V) Uen (€V) Uen (eV) Uen (eV) Uen (€V) Uen (eV) Uen (eV) Uen (eV)
density E/N pure CH, | CH4Ar CH4-Ar CH4-Ar CH4-Ar CH4-Ar CH4-Ar CH4Ar CH4Ar CH4—Ar
(Td=10""V.cm?) (10/90)% (20/80)% (30/70)% | (40/60)% (50/50)% (60/40)% | (70/30)% | (80/20)% | (90/10)%
1 0.08 058 0.35 026 02 0.16 0.14 012 01 0.09
2 0.08 1.16 0.74 0.55 0.44 0.36 0.31 0.27 0.1 0.09
4 043 222 151 116 0.95 08 0.69 0.6 054 048
8 0.97 4.05 289 232 1.96 17 15 134 121 1.06
10 1.25 4.66 34 2.75 2.34 2.05 1.82 1.64 149 1.36
20 251 6.32 5.28 457 4.04 364 332 3.07 285 267
40 381 717 6.36 5.76 53 493 463 438 417 3.97
80 449 7.69 7.03 6.49 6.04 567 536 5.09 486 467
100 4.65 7.81 7.19 6.67 6.23 5.86 5.55 5.27 5.04 483
200 5.19 8.07 7.55 7.12 6.74 6.4 6.11 5.84 5.6 5.38
400 6.17 29.66 14.69 10.12 8.81 7.84 7.25 6.86 6.58 6.36
800 10.87 55.733 75.51 41.29 28.7 22.14 18.12 154 13.45 11.99
Table (6) The data of the characteristic energy of electron uc, (eV) as a function E/N in
different ratio CH, — Ne mixtures.
Electric Ueh (eV) Ueh (eV) Ueh (6V) Ueh (eV) Ue, (V) Ueh (eV) Ug, (V) Uey (V) Uey (V) Ueh (eV)
field/gas pure CH, | CH,~Ne | CH,~Ne | CH,—Ne CH,—Ne CH,Ne | CH,Ne | CHsNe | CHsNe | CH,Ne
density E/N (10/90) | (20/80)% | (30/70)% | (40/60)% | (50/50)% | (60/40)% | (70/30)% | (80/20)% | (90/10)%
(Td=10"" %
V.cm?)
1 0.08 0.3 021| 017 0.14 0.12 0.11 0.1 0.09 0.09
2 0.08 0.68 0.44 | 035 0.3 0.26 024 | 022 0.21 0.09
4 0.43 1.65 1.04 | 081 0.68 0.6 0.54 0.5 0.47 0.45
8 0.97 3.02 2.25 1.78 15 1.33 1.21 1.12 1.06 1.01
10 1.25 3.36 271 | 223 1.9 1.69 1.55 1.44 1.36 1.31
20 251 4.24 375 | 347 3.26 3.08 2.92 2.78 2.66 2.57
40 3.81 5.16 451 4.23 4.07 3.97 3.9 3.86 3.83 3.82
80 4.49 6.45 5.46 | 5.01 4.76 4.61 453 | 4.49 4.47 4.47
100 4.65 7 588 | 5.33 5.02 4.84 474 | 467 4,64 4.64
200 5.19 9.33 7.69 6.77 6.2 5.81 5.58 5.41 5.3 5.23
400 6.17 14.38 1159 | 9.88 8.74 7.93 734 | 691 6.58 6.35
800 10.87 34.39 26.46 | 21.87 18.83 16.64 14.97 | 13.64 12.55 11.63
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Table (7) The data of diffusion coefficient D, (cm?/s) of electron as a function E/N in
different ratio CH, — Ar mixtures.

Electric field/gas Dex10° | Dex10® | Dex10° | Dex10® | Dx10° D,x10° D.x10° D,x10° D,x10° D,x10°
density E/N pure CH, | CH4&Ar | CHs~Ar | CHs&Ar | CHs Ar CH4-Ar CH4-Ar CH4Ar CH4Ar CH4—Ar
(Td=10"" V.cm?®) (10/90)% | (20/80)% | (30/70)% | (40/60)% | (50/50)% | (60/40)% | (70/30)% | (80/20)% | (90/10)%

1 1.42 9.46 8.43 6.99 5.64 448 354 2.80 2.22 177

2 142 7.05 7.25 6.92 6.42 586 525 469 2.22 177

4 4.08 493 532 538 531 516 4,97 477 455 431

8 352 3.48 3.70 378 3.80 379 375 3.70 3.63 3.60

10 321 3.22 337 343 344 343 3.40 3.37 332 3.27

20 2.25 2.72 2.64 2.56 250 2.44 2.39 2.35 2.32 2.28

40 1.72 250 2.39 2.28 2.17 2.08 1.99 191 1.84 1.78

80 163 2.37 2.25 2.15 2.05 197 1.89 1.82 175 1.69

100 163 2.35 2.23 2.13 3.04 1.95 1.88 181 174 1.69

200 173 2.30 2.19 2.10 2.03 1.96 191 1.85 1.81 1.77

400 2.04 63.9 224 11.8 748 533 9.08 3.28 2.73 2.34

800 3.65 115 458 26.1 17.0 124 8.90 6.85 543 441

Table (8) The data of diffusion coefficient D, (cm?/s) of electron as a function E/N in
different ratio CH, — Ne mixtures.

Electric field/gas Dex10° Dx10° Dex10° Dx10° Dx10° Dx10° Dex10° Dex10° Dex10° Dex10°
density E/N pure CH; | CH4—Ne CH,—Ne CH,Ne CH,Ne CH,Ne CH,—Ne CH,~Ne | CHsNe | CH,Ne
(Td=10""V.cm*) (10/90)% |  (20/80)% (30/70)% | (40/60)% | (50/50)% | (60/40)% | (70/30)% | (80/20)% | (90/10)%
1 142 3.66 327 2.9 2.72 2.46 2.22 1.99 1.78 159
2 142 4.03 375 363 3.56 350 2.44 3.39 334 159
4 4.08 4.66 3.79 3.66 3.65 3.67 372 379 3.87 3.97
8 352 479 3.69 3.29 3.16 3.14 3.17 323 331 3.40
10 321 491 373 3.20 2.99 2.93 2.90 2.97 3.03 311
20 2.25 5.29 3.93 3.20 2.75 2.48 232 224 2.20 2.22
40 172 5.64 418 333 2.82 2.46 2.21 2.02 1.88 1.79
80 163 6.18 459 3.63 3.02 259 2.28 2.05 1.88 174
100 163 6.41 476 3.77 311 2.66 2.34 2.09 1.90 175
200 173 7.40 558 4.40 3.60 3.03 2.62 231 2.07 1.88
400 2.04 959 745 5.94 482 3.39 337 2.90 254 2.26
800 3.65 12.9 111 957 827 7.17 6.22 542 473 415
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Figure (1) Elastic and inelastic cross section vs electron energy in CHa.
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Figure (2) elastic and inelastic Cross section vs electron energy in Ar.
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Figure (4) The electron energy distribution function versus the electron energy

for CH4-Ar( 50/50%0) gaseous mixture.
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Figure (5) The electron energy distribution function versus the electron energy

for CH4-Ne( 50/50%0) gaseous mixture.
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Figure (6) The mean electron energy as a function E/N in pure CHsand mixture with

Ar .
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Figure (7) The mean electron energy as a function E/N in pure CH4and mixture
with Ne.
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Figure (8) The characteristic electron energy as a function E/N in pure CHsand
mixture with Ar .
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Figure (9) The characteristic electron energy as a function E/N in pure CHzand
mixture with Ne .
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Figure (10) The diffusion coefficient as a function of E/N in different ratio of gas
mixture CHs-Ar.
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Figure (11) The Diffusion Coefficient as a function of E/N in different ratio of gas
mixtures. (CH4-Ne).
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Figure (12) The drift velocity as a function of E/N in different ratio of gas
mixtures (CH4-Ar).
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Figure ( 13) The drift velocity as a function of E/N in different ratio of gas
mixtures (CH4-Ne).
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Figure (14) The drift velocity as a function of E/N in gas mixtures (CHas-Ar).
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Figure (15) The drift velocity as a function of E/N in gas mixture (CH,4 -Ne) .
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