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Development of Determination of Trace Oxygen in Steel after Removing Surface Oxide

Kiyotaka 110 and Masahiro KOIKE

Synopsis : Removing the oxide from sample surface is important in analyzing clean steel by infrared method after fusion under inert gas. Generally elec-
tropolishing or chemical polishing methods are used as sample pretreatment. No method without grow-discharge method could be perfectly
eliminated surface oxide. It is because of exposing sample to air, re-oxidation caused easily. The oxide is not negligible to analyze trace oxy-

gen in the bulk. In order to control surface oxide, sample was preheated two times at 1050°C in graphite crusible. After sample was preheated

at 1050°C, clean surface was obtained. To transfer the sample from graphite crusible to throw position, first oxide caused easily by exposing

to air but it controlled. After the first oxide was analyzed at 1050°C, the same procedure to transfer the sample to throw position was done.
Second oxide also caused easily. The oxide and bulk oxygen were together analyzed at 2400°C for total oxygen. Both first and second oxides
were same volume and character. So we could calculate bulk oxygen to eliminate second oxide from total oxygen. Analytical curve was made
from potassium nitrate method. This development method can be a quantitative analysis. The analytical results obtained from the certified
materials are low about 1 ppm from certified valﬁe, but the precision is satisfactory. It estimated that surface oxide was included in the certi-

fied value.

Key words: infrared method after fusion under inert gas; surface oxide; bulk oxygen; potassium nitrate method; quantitative analysis.
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Fig. 1. Flow of this developed method.
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Table 1. Contaminant oxygen of capsule.

Capsule Ave.n=5) (g -g~') 1o (ug-9g~")
Tin 11.5 1.7
Nickel 1.9 0. 1
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Fig. 2. Comparison analytical curve between gas dose
method (<) with potassium nitrate method (OJ).
a: Slope r: Correlation coefficient

Table 2. Slope and correlation coefficient in case of re-
peating agent analytical curve for 4 days.

Day Slope Correlation coefficient
1 0. 469 0. 9999
2 0. 466 0. 9997
3 0. 466 0. 9999
4 0. 470 0. 9999
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Fig. 3. Effect of preheating temperature on oxygen.
Sample: JSS GS-2b. Bulk oxygen: Analyzed at

2400°C after preheating.
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Fig. 4. Relation of cooling time and sample surface tem-

perature (@ and B) and quantity of first oxide (A).
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Fig. 5. Depth profiles of surface of different cooling time.
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Fig. 6. Result of surface analysis by XPS.
Cooling time: 10 sec.
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Fig. 7. Analytical result of oxygen of three kinds of sur-
face oxide.
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Table 3. Result of contents of surface oxygen.

Oxide Ave.n=14)(u g -g-1)| o(u g-g1)
Surfaceoxide | 0. 99 0. 30
First oxide 0. 31 0. 08

Second oxide 0. 29 0. 08

Table 4. Relative recovery of oxygen on using flax.

Flax Relative recovery(%)
Sn 100
Ni 36
Cu 92
Fe 73
Sn+Fe 96
Not added 84
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Fig. 8. Influence of tin on the determination of surface
oxygen.
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Table 5. Analytical results of oxygen.

(ug-g1)
Sample Ce;;‘ :;ed Day 1 | Day 2 | Day 3 | Day 4 | Average [ d R4
JSS GS-2¢ 17.5 16.4 | 15.7 16.4 17.1 16.4 -1.1 1.4
JSS GS-6¢ 3.4 2.7 2.9 3.2 2.9 2.9 -0.5 0.5
A 4.2 4.0 3.3 3.6 3.2 3.5 -0.7 0.8
B 7.9 7.2 6.5 7.1 7.5 7.1 -0.8 1.0
9 14.8 13.7 14.5 13.6 14.3 14.0 -0.8 0.9
D 3.7 1.6 1.5 1.8 1.5 1.6 -2.1 0.3
E 19.9 19.1 18.9 18.7 19.4 19.0 -0.9 0.7
d =Average—Certified value Total Average | -0.98 | 0.8
A,B8,C : In-house sample o 0.52 [ 0.39
D,E : Cooperative test sample in ISIJ
0.6 Py
0.5 —
5 04 . P "1 y=0013%+0.2207
g 0.3 /'/ .
[ PY
g 02 .
0.1
0
0 5 10 15 20 25
Oxygen content (i g - g-1)

Fig. 9. Precision of between days for determination of
oxygen content.
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