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Temperatures of Metallic and Ar Atoms in Ar Arc Plasma on Melting of Metal
Guowei He, Kuniyoshi Isuu, Yasushi Sasaxi, Yoshiaki Kasuwava and Heishichiro TaxanasH

Synopsis : In order to examine the effect of metallic vapor on temperature of Ar plasma, graphite, pure iron and Fe-5mass%Mn
alloy were melted in Ar arc plasma as an anode material. The high speed and high sensitive multi-channel mono-
chromator was used for measurement of intensity of spectral lines. Based on these intensities, distribution of tempera-
tures of metallic and Ar atoms were calculated. Measured temperature of metallic atom was different from that of Ar
atom, and local thermal equilibrium was not established.

The temperatures of Ar atom in the center of arc column were about 9000K, 11000K and 9000K for graphite, pure
iron and Fe-bmass%Mn alloy, respectively. This is due to the different plasma current density and electric conductivity
of plasma. The details of configuration of plasma column and plasma current characteristic were discussed.

Key words : thermal plasma ; local thermal equilibrium ; spectroscopic measurement ; Boltzmann plot ; temperature distribution ;

electron density ; metallic vapor.
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Fig. 1. Plasma current-voltage characteristics de-
pendent on anode material.
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Fig. 2. Schematic views of Ar plasma heating of
graphite, Fe and Fe-Mn alloy.
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Fig. 3. Spectral lines measured at lmm above the
molten surface in Ar plasma melting of Fe
and Fe-Mn alloy.
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Table 1. Fe I transition probabilities.

Reference data * | Present study

Wavelength ncer— Deviation *

(nm) Anx tainty An (%)
406.36 0.69 * 25% 0.59 = 4.2% —14.5
407.17 0.80 * 25% 0.85 £ 2.3% 6.2
430.79 0.35 + 25% 0.34 * 3.6% —2.8
432.58 0.51 * 25% 057 + 3.1% 11.8
438.35 0.46 * 25% 041 * 25% —10.9
44048 0.25 * 25% 026 * 15% 4.0
441.51 013 | *=25% | 014 *12% 77

*: Deviation between data of the reference and present study.

Table 2. Mn I transition probabilities.

Wavelength Reference data ®> | Present study Deviation *
Ann | 05T A %)
(nm) tainty
476.24 0.57 + 25% 056 + 5.2% ~1.8
476.64 0.45 * 25% 042 * 45% -6.7
478.34 0.39 + 25% 0.40 £ 29% 25
482.35 0.45 =+ 25% 0.44 * 3.8% —-2.2

*: Deviation between data of the reference and present study.
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Fig. 5. Typical plots of In(nm* Aam/Anm*Zom) .
excited energy En using calibrated transi-
tion probabilities, shown in Table 1 and
Table 2.

PIRIZA-Tw 53, 272, ZHs Ml L NBSHEIREDFE
IINBSHERAEDRER PN D b, FEH L L D LRl
3B, Fig. 5 Ik, IARSEERAE L 1 mmiZk 5 &)g5
TIREE DL WA e bR, TS OfED M %
NRIELDTHE, ¥, M2 FE L T, FeTl3430~440
nm, MnT (3475~485nm®D, ZNEFN4AED R b Vi
OO THIEZT- 72, RIFORIEIN Loy * Aam/Anm * gn) Xt
= A v F—E, D71 v O—KkILUDOHBIRET H
5, TRBIETORELFEOEMNMCZLP2bLT, Ky

82

' (a') Grlaph;te J

Axial Distance (mm)

1
5KK ]
T

Axial Distance (mm)
- N W H OO N - N WL OO N = NWDHS O N
— T T

Axial Distance (mm)

a1 A {
3 4 5 6 7 8 9 10
Radial Distance (mm)

o2
-
Nk

Fig. 6. Isothermal lines of Ar atom in Ar plasma
heating of graphite, Fe, and Fe-Mn alloy.
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Fig. 8. Isothermal lines of metallic atom in Ar

plasma melting of Fe and Fe-Mn alloy.
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Table 3. Relaxation time of energy in Ar plasma
melting of Fe and Fe-5mass%Mn alloy.

Fe Fe—5mass%Mn
Tear =62%X10°° T e-ar =59%X10°°
Te-re =6.1X10 % | Te—nwn =81X10 °
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Tre-re =1.8X10"° | T ma—ma =L7X10"°
Tar-re=29X10"° | Tar—ma=37X10""
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