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The effect of heating conditions on the removal of oxide film on steel surface by the inert gas fusion method
Tomoko Ise, Yoshio Nuri, Yoshiyuki Kato, Takashi Oishi and Hisashi Matsunaga

Synopsis: This study was carried out to establish an analytical technique for accurate evaluation of bulk oxygen content in
ultra-clean steel by using the inert gas fusion method which does not include pre-cleaning such as electrolytic or
chemical polishing. This method had a two-step heating pattern, the one was a continuous heating stage to
remove contamination, and the other was a high-temperature holding stage to analyze oxide inclusions. In this
paper, reduction sites of oxide film and the effect of bulk carbon content are also discussed. The results obtained
are as follows:

(1) The separation of bulk oxygen and contaminant oxygen on the steel surface depended on the heating rate of
the steel at heating stage |. The lower the rate was, the clearer the separation was.

(2) The optimum heating rate of the steel was 1 K/s.

(3) In the case of high-carbon chromium bearing steel which contained 3.4 ppm of oxygen (calibration standard
sample JSS GS-6a), approximately a half of its total oxygen content was estimated to be contaminant oxygen on
the steel surface. This agreed well with the value by the charged particle activation analysis method and was found
to be reasonable.

(4) It was found that both the carbon content in the steel and the feed of carbon from the crucible/steel contact
surface affected the removal of oxide film.

Key words: oxygen analysis; inert gas fusion; oxide film; reduction; heat condition; charged particle activation analysis; con-
tamination; reduction mechanism; auger electron spectroscopy.
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Fig. 1. Thermodynamic decomposition temperature of various oxides
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Fig. 2. Schematic presentation of heating pattern and oxygen extrac—
tion signal.
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Table1. Experimental conditions and some results.

Sample C  Heating rate Temp. and holding Weight Size Oxygen content Standard Range
No. at Stage |  time at Stage |l (ppm) deviation (Stage-I1)
(mass%) (K/s)  Temp(K) Time(sec) (10°%kg) (10°m) Total Stage-l Stage-ll o(n=3) R(n=3)
0.5 3.55 1.80 1.75 0.12 0.31
1 3.44 1.73 1.71 0.11 0.33
3 3.69 1.38 2.31 0.04 0.12
A 5 6.350 3.61 1.22 2.39 0.21 0.51
(JSS-Gsba) 0.990 10 2973 65 1.04 (s;;here) 3.34 0.77 2.57 0.20 0.46
15 3.19 0.36 2.83 0.17 0.56
20 3.53 0.14 3.39 0.36 0.61
20< 3.40 = 3.40 0.32 1.10
Elec.polish 20< 2.22 - 2.22 0.36 0.30
B 0.300 1 2973 65 1.08 5¢ X7 13.62 1.81 11.81 0.04 1.24
C 0.061 1 2973 65 0.85 5X5X5 22.29 1.71 20.28 0.29 4.48
D 0.020 1 2973 65 1.02 5¢ X6 31.54 1.23 30.31 1.06 3.11
E 0.007 1 2973 65 1.54 5.8X5.8X5.8 7.30 1.39 5.91 0.59 1.18
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Fig. 3. Schematic diagram for experimental apparatus.
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Fig. 4. Effect of heating rate on the appearance time of the oxygen extraction signal.
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particle activation analysis and by inert gas fusion method.
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Fig. 11. Reduction sites of oxide film in the carbon crucible.
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Table?. Effect of bulk carbon content on the contribution ratio of reaction at bulk Fe/oxide film interface.

C Oxygen value at Stage Contribution ratio of bulk
Steel (ppm) carbon content (%)
(mass%) (DCarbon crucible (2)Cupper crucible @/ DX100
A 0.99 1.70 1.21 71.2
B 0.30 1.80 1.02 56.7
D 0.020 1.20 0.02 14
Table3. Effect of contact area on the reduction time of oxide film for steel contained 0.3mass %C.
Steel Weight Size Contact area Oxygen value at Reduction Unit reduction time
(10%g) (10°m) (10°m2) stage | (ppm) time (s) at stage | (s/ppm)
F 1.04 5¢ X7 19.6 1.35 79 58.5
G 0.99 4X3X11 12.2 1.44 97 67.4
H 1.05 1.5X6X15 9.0 1.79 123 68.7
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