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Analysis of the characteristics of the excitation process
of the medium pressure microwave plasma torch
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Abstract: A self-consistent two-dimensional fluid plasma model coupled with Maxwell’s equation at me-
dium pressure is established, and a series of kinetic reaction equations of molecular ions are also added.
We demonstrate the changes of electron density, temperature, electric field module, skin depth and oth-
er parameters in the excitation process at medium pressure. The dominated reason for the spatial distri-
bution of molecular ions is analyzed. In addition, compared with the atmospheric pressure microwave
plasma, it is found that the gas temperature of the medium pressure microwave plasma is lower and the
damage to the glass tube is smaller. It can be applied to the treatment of various exhaust gases, the syn-
thesis of nanoparticles and the preparation of thin films, which is easy to achieve large-scale, and has a
good application prospect.
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Fig. 1 Schematic diagram of microwave excitation device
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Fig. 2 Schematic diagram of 2D simulation mode
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Tab. 1 Physical processes related to the molecular ions in argon plasmas
No. Process Reaction Rate coefficient /(m?/s)
: .. . 19 0.026N\%67  1—exp(—418/T)
35S + —> * 12
1 Dissociative recombination Ary te>Ar* +Ar 1. 03X10 ( T. ) 1=0. 3lexp( —418/T)
. ) T 0. 026
+ — > + —12 — - _x ey
2 Electron impact Ari +e>etArT +Ar 1.11X10 exp[ 2.94+3 ( 11600 T. ) ]
3 Atomic ions conversion Art +2Ar—>Ar+Ars 7.5X10" 4T
o 4 ‘ 12580
4 Molecular ions dissociation atom impact  Ar; +Ar—>2Ar+Ar 6. 06 X110~ Zexp T
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Fig. 3 Electron densities and S11 at 5 Torr
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Fig. 4 Electric field modules (V/m) in the plasma torch at
5 Torr pressure; (a) 3X10 °s, (b) 5X10 °s
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Tab. 2 The skin depth at different pressures
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