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Atomic Transition Probabilities of Ar Arc Plasma for Metal Melting

Guowei He, Kuniyoshi Isau, Yoshiaki Kasmiwaya and Naoyuki Kayukawa

Synopsis :

To experimentally obtain the transition probabilities of Ar atom, spectroscopic measurements were carried out on Ar

arc plasma for melting metal by using highly sensitive multichannel detector. Then the Boltzmann plot method was
newly adopted for determination of transition probabilities, using the values recommended by Wiese et al as starting
values. The Boltzmann plot obtained by using present transition probabilities was linear at high correlation coefficient
over 0.9 in spite of the variations of plasma temperature, working gas pressure and metallic vapor. Therefore, it was
concluded that new transition probabilities can be used in temperature measurement of Ar arc plasma.

Key words : Ar thermal plasma ; emission spectroscopic measurement ; thermal equilibrium ; Boltzmann distribution ; transition

probability.
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Fig. 1. Reported transition probabilities of Ar I line
at 430.01lnm.
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Fig. 2. Scheme of experimental apparatus.
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Fig. 3. Spectral lines measured at 1 mm above the
metal surface.
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Fig. 4. Radial distribution of spectrum intensity.
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Table 1. Ar I transition probabilities.

Reference data '* | Present study ;
Wave Devia;
length Ann uncer- Ann tion
(om) |(10°s™')| tainty (10°s7") (%)
404. 44 0. 333 +9% | 0.291+0.016 | -12.9
415. 86 1. 40 9% | 1.356=+0. 057 -3.5
416. 42 0.288 +9% | 0.266+0.013 -9.7
418.19 0. 561 +9% | 0.572+0. 086 1.6
419. 83 2.57 8% 1 2.981+0. 040 i5.9
420. 07 0. 967 7% | 0.925%+0. 014 -4.9
425. 11 0.111 *15% ] 0.132+0.014 17.1
425. 94 3.98 6% | 4.904+0. 226 23.1
426. 63 0.312 +12% | 0.332+0.014 5.8
427.72 0. 797 +8% | 0.901=%0. 032 12.9
430. 01 0.377 5% | 0.424+0.018 11.4
433. 36 0. 568 7% | 0.611%0. 038 7.5
434. 52 0. 297 +10% | 0.309=0.024 4.0
451. 07 1. 18 7% | 1.001=%0. 046 15.2
452. 23 0. 089 *+8% | 0.084£0.007 | 6.2
459. 61 0. 094 =9% | 0.079%0. 007 15.9

*: Deviation between the reference and the present study.
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Fig. 5. Ar Boltzmann plot obtained by Wiese’s Ar
transition probabilities.
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Fig. 6. Effect of temperature on the Boltzmann

plot by new transition probabilities shown in

Table 1.
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