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Determination of Micro Trace Oxygen in High Purity Iron with the Inert
Gas Fusion Method

Tomoo TAKAHARL, Kenji ABIKO, Iichi OGAHARA, Tsuyoshi IMAKITA, Senichi HARIMAYA,
Yasuo INOKUMA, Yoshiharu INOMATA, Yoichi IsHiBASHI, Kiyoyuki TANAKA, Shigeki TOMIYAMA,
Yukitoshi MORIMOTO, Koichi BAN, Tadashi Kikucin, Haruno OKocHI and Keiichi FURUYA

Synopsis :

Method of the determination of micro trace oxygen (ppm level) in the high purity iron has been studied
cooperatively by 14 member laboratories in the Chemical Characterization Sub-committee, 19th Committee
(steel making), Japan Society for Promotion of Science.

The purposes of this study were set in the following focuses,

1) Improvement of analytical precision.

2) Clarification of detectable limit for oxygen determination with inert gas fusion method.

3) Establishment of sample pretreatment technique.

Two types of high purity iron samples (oxygen content : < 3 ppm and 5 ppm~ 10 ppm) were prepared at
the Institute for Material Reseach, Tohoku University.

Purities of these samples were respectively 99.995% except of carbon used to killing agent.

The oxygen contents in the surface layer of the sample gave an considerable increase to the analytical
values for ppm-level analysis.

So, pretreatment method of the samples were mainly studied in details.

As the results, the pickling method with H;0,+HF aq. solution was established.

The results obtained by the recommended procedure were compared with He** particles activation analy-
tical values and the precisions of the both oxygen values in each sample were satisfactory.

The detectable limit of oxygen by the inert gas fusion method was about 1.5 ppm.

Key words : inert gas fusion infrared absorption method ; high purity iron; trace oxygen determination ; pre-
treatment method ; chemical etching.
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Fig. 1. Manufacturing process for high purity iron sample.

Table 1. Chemical composition of the samples
(ppm).
Sample A Sample B
No. | Element | Oxygen content : Ca. 2 ppm | Oxygen content : Ca. 5 ppm
%] C E *1 C E
1 C 322 340 45 80
2 P 4 5.6 6 5.2
3 S 4 7
4 N 3 9 4 7
5 Al 2.8 6.9
6 Co 0.2 0.7 0.6 0.6
7 Cu 2.0 2.0 2.2 2.2
8 As <1 <1
9 B 0.5 3.4 1.8 2.7
10 Bi 0.07 0.07
11 Ca 2.3 1.7
12 Mg 0.7 0.7
13 Mn 0.5 0.7 0.4 0.6
4 Ni 0.2 0.4 0.6 0.6
15 Pb <0.03 0.21 <0.03 0.22
16 Si 4 3
17 Sn <1 0.4 <1 0.4
18 Zn 0.22 0.37

* Name of the analysis section

I : Institute for Materials Research, Tohoku University C : National
Research Insititute for Metals E : Advanced Materials & Technology
Research Laboratory, Nipon Steel Corp. . -
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Fig. 2. Results of 1st round-robin analysis.

~9—4&— Boiling water
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Fig. 4. Comparison of drying methods.
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Table 2. Effect of electrolytes in the electrolytic
polishing on analized oxygen value.

Electrolyte Condition Sample A | Sample B
1 |19 1.8]53 5.3
2 1.8 2.115.0 5.6

Acetic acid (10) 1.5A
+HC104(1) 3.5min. X 2 X |1.9 2.015.2 5.5
R [0.1 0.3(0.3 0.3
1 2.2 2.215.2 5.0
Acetylaceton (19%) 0.15 A 2 |21 2.015.3 5.2
TIMAC (19%) 2.5 min. X 2 X 2.2 21(53 5.1
R |0.1 0.2]0.1 0.2

* Tetra Metyl Ammonium Chloride

LBEINSL ol RECBROBAIBE L 2V
BB L 22585 0 SV RIS TR ISR Y 074
L, {LEFEEO X I —REREIESL Z L AL
Motz. ThhLEBRE 2EICTT THABOAFREE R
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( 3) BRI O BB R DO FRET
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#?7]‘0 7-.
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NDTHY—5H2IF Si ¥ AN, & 100s TS &
itkbh, TIvrhREOICTAI LR EREE L2,
Tor xEEEIR SIO ® CO L& o THEEHT 5420, 11
EALIRBDIFICREL TRILITVWEE 2D SillLb
oy 8 —EROBBIROLN P o2, FOFNKT,
LECO #: % No. 501-550 (FE3% & :26 = 3ppm) KT
No. 502-075 (BEE & :4 + 2 ppm) DRE % AV THH
L7z, HAMEAESICERTL, BE7 7 v 7EMXE
ICRR 5121 26 ppm DK TIE 80s, 4 ppm D FETIL
100s 2H 0, BMEGHEOSZVEBE Y, TECH
2 EMB T ADICEREZ2ET A L0 1.
ChASCHMBEELEEL(CEETAITE, 90~100
s DA AMBEITILESXHLI L ERVWAELL.
5-4 MEFTRECRITRAREEROEE
FEEOELO ENERN—D2 L LT, FHEIOXKI
L ERE 0 o OFLEEICREFSH A, £IT,
B LR 0D 3228 B OSSR B DAL BUC S 2 W TE S
L722Y, SHEsk, 2OoORMEMILEBETEDIRT
W, BLEBEOREERES » Tk v, FeOOH,
FeO-Fe, 05, Fe,0; S#E 2 5. HROMHHA
lg AL E0RABLREE & EES &7
BoMEZREEOMMBREIETRDL. KR %E Table 3
R, L, BRI S TR BBRERENK

Table 3. Oxygen contents calculated in the sur-
face oxide layer of the sample.

Thickness (A) Calculated oxygen value (ppm)
. F Film component FeOOH FeO:Fes03 Feo03
10 0.2 0.2 0.2
100 2 2 2
500 11 10 11
1000 22 20 21

Conditions for the calculation :
Shape of the sample; bar Weight (g); 1.0 Diameter (c¢m); 0.5
Density (g/cm®) ; Fe 7.87, FeOOH 4.28, FeO+Fe 03 5.2, Fe2035.12
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Table 4. Accuracies of the oxygen analysis (ppm).

Sample Method Mean value | Difference**
Chemical etching® .0 0.81~0.82

Sample A Electrolytic polising 1.9 0.72~0.76
Chemical etching™ 5.3 0.44~0.57

Sample B\ Elcctrolytic polising 5.3 0.78~0.98

* Chemical etcthing : Rinsing method with de-ionized water followed
by ethanol and acetone successively for the etched sample.

Kok s . ) L.
Difference : Mean value — value with the particle activation
analysis.

Table 5. Reproducibilities of the oxygen analysis
(ppm).

Sample Method Mean value c R
Chemical etching™ 2.0 0.47 1.9

Sample A Electrolytic polising 1.9 0.27 0.7
Chemical etching™® 5.3 0.53 2.0

Sample B Electrolytic polising 5.3 0.31 1.0

* Chemical etching method : Refer to Table 4
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