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Table 1. Reference conditions of simulation.

Variable Value

Input power (Pabs) 1.0 W
Electrode area (S) 1.0 mm®
Discharge volume (V) 1.0 mm’
Gas temperature (Tg) 300 K
Gas pressure (Pg) 760 Torr
Gas flow rate (Qflow) 1 SLM
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Table 2. Chemical reactions of oxygen gas and rate constants.

Reaction Rate coefficient (cm?/s) Electron loss energy (eV)
RO e+0; — Opte 4.7TE—8T.>° 3T, (my/M)
R1 e+0; — Ogte 1.7E-9exp (—3.1/T.) 0.977
R2 et+0; — Oyte 5.6E—9exp (—2.2/T.) -0.977
R3 e+0; — 0+0x+e 5.0E—8exp (—8.4/T.) 7.09
R4 e+0 — Oxte 4.9E—9exp (—2.25/T.) 1.97
R5 e+0x — O+e 8E—9 -1.97
R6 e+0x — 0" +2¢ 9.0E-9T.""exp (—11.6/T.) 11.64
R7 e+0; = 0 +0 8.8E—1lexp (—4.4/T.) 3.657
R8 et+0; — 20 +e 4.9E-9exp (—5.6/T.) 5.12
R9 e+0y = 02 +2e 9.0E-10T."%exp (—12.6/T.) 12.14
R10 e+0” — O+2e 2.0E—7exp (—5.5/T.) —1.463
R11 e+0,+ — 20 2.2E—8T, -7.02
R12 e+0; = 0 +0"+e 7.1E-11T"%exp (—17/T.) 17.267
R13 e+0; — 0+0"+2e 5.3E—10T."%exp (—20/T.) 18.73
R14 e+0 — 0" +2e 9.0E-9T.""exp (—13.6/T.) 13.61
R15 e+0; — 0, +0 1E-9 0.61
R16 0™ +0; — Oste 5E-15 0.413
R17 0 +0s% — Ogte 3E-10 —0.564
R18 07 +0 — Oste 5E-10 —3.657
R19 07 +0:" — 0+0, 2E-7 (200/To)"°
R20 0 +0." — 30 1E-7
R21 0 +0" — 20 2E—7 (200/Tp)""
R22 0"4+0, = 0+0," 2E—11 (300/Tp)"°
R23 Og + 0y = 20, 2.2E-18 (T4/300)**
R24 0s#+0 — 040, 7E-16
R25 0#+0 — 20 8E—12
R26 0#4+0, — 040, 7TE—12exp (67/T,)
R27 O+ 0y = 0+0yx 1E-12
R28 0" +0x — 0, +0 1E-10
R29 034+0; — 20,+0 7.3E—10exp (—11400/T,)
R30 03+0 — 20, 1.8E—11exp (—2300/T,)
R31 20+0; — 20; 2.5E-31T, "%
R32 0420, — 03+0; 6.9E—34 (300/Ty)"*
R33 Og#+03 — 20,40 6.0E—11lexp (—2853/T,)
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Figure 1. Density of species in plasma.
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Figure 2. (a) Ratio of chemical reactions, (b) ratio of
electron energy loss.

A BEo0] 9FL F7 Ao} éil"f_rX} 2 eEE
$(R32) 02 AAo] w1,
R33) & AR}, SEA|RE /\gzd H]—._oﬂ H]
& 1 =717} 10"HE w7] ), 3%91 E 2.58%
10" em ™2 A AR Ak Fobg Bl AASE
= Qg 2k Ate] 7] §k-(R1) 7% A
AR} A A HES(R27) 0.2 Ao Hal F2 09k
FEWS(R17) 2.2 2EHTE 054 Opx} 720] AA
o] A7]o) nlgl] & WS 27|17 AH o
o] Zgoll= A5 BHA FESIAY 95 SR w
Aurhs d4o g s 4t Fig 2(b)& 94%%

AIAF Q& A7k Bekeot ol FEAL} E
2 AL o) 7T o] EAEE e Al 2
A Fig. 2()14 Am%e] Ax4sh A2 A9l 6y
Sol thiiel FEUSE A3k AE & 5 Atk 3

731 gl oy A 9] 92%3 *&i %iZM 01719} EHEl
of ARE Fth thEogs Ak BAte) o] 238} nhgo.

261



1E21 4
1E204

—~ > "

A —>— - —+—0O

g B9y »—— T P

— v -

ZEe] , . . . 2O

2

8 1E17

1E16+4

1E15-

1 2 3 4 5 6
Power (W)

Figure 3. Plasma density with input power.
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Global Modeling of Atmospheric Pressure Oxygen Plasmas

Seok Won Hwang, Ho-Jun Lee, and Hae June Lee*

Department of Electrical Engineering, Pusan National University, Busan 609-735

(Received May 28, 2011, Revised July 7, 2011, Accepted July 7, 2011)

A zero-dimensional global model simulator for atmospheric pressure oxygen plasmas has
been developed. The simulation model considers the configurations similar to that of plasma
needle device. The simulation results show that those species of O, O;, O>* and 0, have
the highest density in sequence. Electrons dissipate most of their energy through the collisions
with oxygen molecules. If the input power increases, the density of most species also increases
as much as three-boy collision for the creation of ozone is weakened and hence the density

of ozone decreases. The body to volume ratio also affects the plasma density.
Keywords : Global model, Oxygen plasma, Atmosphere pressure plasma
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