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Study on the electrode corrosion mechanism of water plasma torch
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Abstract

The main topic of this research is to predict the oxidation rate of copper
electrode for steam plasma torch, where the numerical simulation based on the
plasma kinetics calculation is employed. The production and consumption of
different species, and the interaction among them are considered for the environment
of water plasma torch in the adopted plasma model, which describes the plasma
behavior in two temperature regions. In the high temperature region, the species
suchas H~ O ~ H' ~ O" and e are dominant, while H,O ~ H, ~ H~ O, ~ O ~ OH and
HO, become more important in the low temperature region. The plasma chemical
reaction on the copper electrode surface is dominant by oxidation of copper with
water, oxygen and oxygen atom, which result in the loss of copper electrode. In this
research the kinetics model is first expressed as a system of partial differential
equations, which are further, discretized using finite volume approach and solved by
an iterative approach. The surface erosion model is incorporated into the species
equation through boundary conditions defined on solid boundaries. The predicted
oxidation rate on copper surface is 44ug/s~75ug/s at temperature 2500K~3500K and
116ug/s~270ug/s at temperature 4000K~6000K.
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Surface Reactions
No. Chemical Reaction A Ref.
1. 2Cu+H,0O — H, +Cu0O 2.68265x107° 19
2. 2Cu+H,O — H, + CuO 6.25936x10°° 19
3. 2Cu+ O, — 2CuO 6.25936x107° 19
4. Cu+ O — CuO 6.25936x107° 19
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No. Chemical Reaction Chemical Reaction Rate Ref.
. H.O + m + — OH + H + m k =2.66x10"exp(-478/(RT,))N 15
2. OH + m + — O + H + m k,=400x10"exp(-416/(RT,))N 9
3. H + H + —- H, + m ky =8.77x107(T, /298) " N* 9
4, H, + m + — H + H + m k,=370x10""exp(-402/(RT,))N 9
5., 0 + O + - 0, + m + ks =9.26x107*(T, /298) ' N? 9
6. 0O, + m + —- O + O + m ks=199x10""exp(-451/(RT,))N 9
7. OH + O + —- 0, + H k, =4.55x107%(T, /298)"* exp(3.09 /(RT,))N 9
8. OH + OH + — H,0 + O kg =1.02x107"*(T, /298)"* exp(1.66 /(RT,))N 9
9. H + 0, + — O + OH ky =2.56x107"'(T, /298)"* exp(—49.6 /(RT,))N 9
10. H + OH + - O + H k= 6.86x107*(T, /298)** exp(~16.21/(RT,))N 9
1. H,0, + OH + — HO, + H0 kyy =2.91x107" exp(~1.33/(RT,))N 9
122 0, + OH + — HO, + O ki, =3.70x107" exp(—220/(RT,))N 9
13. OH + OH + — H,0, ki, =1.83x107%(T, /298)"' N 16
14 OH + OH + — 20 + 2H k,, =4.09x107 exp(—416 /(RT,))N 9
15. H,0, + O + — HO, + OH ks =1.42x107"%(T, /298)*" exp(~16.63/(RT,))N 9
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No. Chemical Reaction Chemical Reaction Rate Ref.
16. H,0, + H + — OH + H0 kg =4.01x107" exp(~16.63/(RT,))N 9
17. H,0, + H + — HO, + H, ki, =8.0x107" exp(-33.26 /(RT,))N 9
18. H,0, + 0O, + — 2HO, kys =9.0x107" exp(~166/(RT,))N 9
19. HO, + OH + - H,0 + O ki, =4.81x107"" exp(2.08/(RT,))N 9
20 HO, + O + — OH + O, kyy =2.91x10™" exp(1.66/(RT,))N 9
21. HO, + H + — 20H ky =2.81x107" exp(—3.66 /(RT,))N 9
22. HO, + H + —- H, + 0, ky, =1.10x107'° exp(—8.90/(RT,))N 9
23. HO, + HO, + — H0, + O ky, =3.01x10"° N 9
24. HO, + H, + — H0, + H kyy =5.01x107" exp(—109 /(RT,))N 9
25. HO, + m + —- 0, + H kys =2.41x107%(T, /298)™""* exp(-203 /(RT, ) )N 9
26. O 4+ H + m — OH + m ky =4.36x107(T, /298)*N? 9
27 0, + H + m — HO, + m ky, =5.79x107*(T, /298)*N* 9
288 OH + H, + —- H0 + H kyy =2.97x107%(T, /298)"* exp(~19.71/(RT,))N 9
2. O + H, + — OH + H kyy =3.44x107%(T, /298)*" exp(-26.27 /(RT,))N 9
30. O + H,0 + — OH + OH ky, =1.25x107"(T, /298)"* exp(-71.50 /(RT,))N 9
3. m + 0, + O - m + O;s ky =1.34x107%(T, /298)"" N? 9

12



4
™~

I X TICE SES

No. Chemical Reaction Chemical Reaction Rate Ref.
3. H + HO + —~ H, + OH ky, =6.882x107%(T, /298)"° exp(~80.82 /(RT,))N 9
33. 0, + H, + — HO, + H kyy =2.41x107" exp(=237/(RT,))N 9
34, 03 + m + — 0, + O + m ky=7.16x10""exp(-93.12/(RT,))N 9
35. 03 + H + — OH + O, kys =2.72x107(T, /298)" " N 9
3. O3 + OH + — HO, + 0O ky, =3.76x107°(T, /298)"” exp(~5.02/(RT,))N 9
37. OH + OH + — H + HO, ky, =1.83x107N 9
3. H + HO, + — H,0 + O kys =8.3x107" exp(—4.18/(RT,))N 9
39. H,O + 0, + — HO, + OH ks, =7.72x107% exp(-310/(RT,))N 9
40. HO, + H,0 + — H0, + OH kyy =4.65x107" exp(~137/(RT,))N 9
4. OH + H + m — HO + m ky =1.48x107°(T, /298) """ exp(-2.58 /(RT,))N’ 9

N=6.022x10%x(0.01)’ (molecules/mole)(m’/cm”)
R : 8.314x107 (kJ/mole - K)

T, - Gas temperature (K)
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No. Chemical Reaction Chemical Reaction Rate Ref.
42. H, + H, + — Hy + H + H +e ky=51x10"T"(1+44x10°T,)exp(-4.6x10°/T,)N 20
43, H, + e + — H + H + 2e ky =1.9%x10™2 T (1+5.3x107°T ) exp(-3.8x10° /T, )N 20
4. H + H + — H + H + e ky =15x107°T 1+ 1.7x107T, ) exp(-1.2x10°/T, )N 20
45, H + H, + — H + H, + e kys =7.9x107*T " (1+1.3x107°T, ) exp(-1.6x10°/T, )N 20
46. H + e + — H  + 2e k%=4.7><lO‘”Teo'S(l+1.3xlO_SYL)eXp(—l.6x105/7;)N 20
47. H, + e + — 2H + e ky; =1.30x107°T°(1+2.0x10° T, )exp(-3.5x10*/T,)N 20
48. 0, + e + — 20 + e ks = 6.86x107 exp(=6.29 /(T,))N 21
49. 0, + e + — + 0O + 2 k,, =1.88x107"°T'* exp(-16.81/T,)N 21
5. O + e + — O + 2e kg =9.0x107°T"" exp(-13.6/T,)N 21
5. e + e +0 —- e + O kg, =1.0x107°(0.026/T,)** N* 21
5. e + O 4+ 0, > O + 0, ky, =6.0x1077(0.026/T,)"° N* 21

N=6.022x10%x%(0.01)? (molecules/mole)(m’/cm”)
R : 8.314x107 (kJ/mole - K)

T, - Gas temperature (K)

T, : Electron temperature (eV)
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