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Determination of Oxygen in Steel and the Investigation of
the Reference Material for Calibrating the Instruments of
Oxygen Analyser by Means of Carrier Gas Extraction-
Nonaqueous Titrimetry

Takayoshi Yosummori, Norio KatoH, Masabumi SUGIYAMA,

Makoto EBizuka, and Shinobu FURUOKA

Synopsis:

The nonaqueous titrimetric method for the determination of microamount of CO, was introduced to
determine oxygen in steel. Carbon monoxide extracted from a sample by the usual carrier-gas fusion
method was oxidized with CuO at 750°C, and the dioxide produced was absorbed with N, N-dime-
thylformamide containing 59, of monoethanolamine, and then titrated with the standard solution of
tetra~n-butylammonium hydroxide in benzene-methanol. Satisfactory results could be obtained espe-
cially for the samples of low oxygen-contents. Sucrose was next investigated as a reference material
to calibrate the instruments for the determination of CO or CO, The definite amount of its stand-
ard solution was taken into a small gold boat and evaporated at 50°C in vacuo. The boat was then
introduced into a small-mouthed graphite crucible heated at 1900°C. Stoichiometric recovery of
oxygen from the sucrose could be ohtained under nearly the same extracting conditions as those for
oxygen from steel samples. Thus, sucrose may be used as the reference material in order to calibrate
the instruments for the analyses of both oxygen and carbon.
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1 and 7 : CuO furnace (750°C),

2 : Soda-asbestos,
3 and 9 : Mg(ClO4),, 4:Py0s5, 5 : Ti sponge
(700°C), 6 : H.F. oscillator, ~ 8: Flow meter,
10 : Titration cell, 11 : Magnetic stirrer, 12 : NaOH

Fig. 1. Apparatus.
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(a) : For the analysis of steels
(b) : For sucrose

Fig. 2. Size (in mm) of the graphite crucibles.
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IRDREREREL RD DEF R L, X ET L
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Table 1. Determination of oxygen in carbon steel.

(O content by other method :382ppm, Sample taken: ~1g, Ratio of sample: Sn=1: 1~1:1.5)

Ar flow rate Extrn. temp. Extrn. time O found (ppm) Blank value
(ml/mi (°C) {min) No. of detns. (pg as O)
ml/min) mean Sr 2

200 1800 40 3 365 9 21
300 4 v 4 374 3 20
400 4 30 -5 376 6 15
4 4 40 4 380 7 21
300 1900 30 2 375 1 13
4 4 40 4 371 12 19
400 7 30 9 379 10 20
4 ” 40 5 387 4 26
Table 2. Determination of oxygen in standard samples and a stainless steel.

Sample O stand:trd value | N0 of detns. O found (ppm) Blank value

(%) mean Sk (pg as O)

JSS 184-6 0.0195 3 192 2.0 22

JSSs 182-2 0.06045 5 45.1 1.2 21

JSS 181-1 0.0030 7 32.1% 2.1 21

7 4 3 29.3* 3.4 15

Stainless steel (139 Cir) 0.0040** 3 40.1 1.5 22

*  Obtained by different analyst.

**  Analysed in other laboratory by vacuum fusion-manometric method.
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Oxygen extracted (ppm/5min)

5 0 15 20 25 30
Extraction time (min)

Fig. 3. Extraction curve of steel sample
(O : 382 ppm).
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Table 3. Determination of oxygen in sucrose—The use of sucrose for calibrating
the instrument of oxygen analyser—
(Ar flow rate: 200ml/min, Extrn. temp.: 1900°C, Extrn. time: 10min)

Typpblof O taken No. of detns. O found (ug) Blank value Recovery
crusible (¢g) mean Sk (pg ) (%)
2 [ ¢ [ wm |+ | B |3
4 7.3 97
Fig. 2 79.0 7 77.2 1.6 7.4 98
(a) 42.0 2 40.8 2.0 7.5 97
20.3 4 19.8 0.2 6.8 98
10.3 7 10.1 0.3 6.6 98
161 3 162 2 7.1 101
Fig. 2 = 77.0 4 78.0 1.7 6.7 101
{b) 42.1 v 42.4 0.9 6.2 101
21.4 4 21.6 0.6 6.0 101
10.8 4 11.0 0.2 6.3 102

L FREDOREHE GRER) WESLBE L Bioh %05, CaCO,®
R, TAIEUALYTRAEFYEE B R R B
RLACHDD ik wihd BETchh, HMOED RN
HEEThs L, BBBEBIBRESFRI HE >
BohiswE v S5HERAYDS. X Na,C,0, BRI
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