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Influence of Sample Treatment Methods on the Determination of Trace Oxygen in Iron and Steel

Hisao YASUHARA, Makoto SHIMURA and Keiichi Y OSHIOKA

Synopsis

: Removing the oxide film from the sample surface is an important process for analyzing trace oxygen in iron and steel.

The depth profiles of oxygen on the surface after electro-polishing in CH;COOH-HCIO,, CrO;—H;PO,, and chemical polishing by

HF-H,0, were investigated.

As for the high-purity iron, thickness of the oxide layer after electro-polishing in CrO,—-H,PO, was thicker than any other pretreatment

methods. This is because Fe(Ill) hydroxide was formed on the surface of sample. This could be removed by rinsing with an acid after electro-

polishing.

As for the bearing steel, oxygen containing species were found around carbides on the surface of the sample after pretreatment except that

the pretreatment was made by electro-polishing in CrO;—H;PO,. Those precipitates influenced the analysis of oxygen.

Analytical value obtained by conventional methods were 1 or 2 mass ppm higher than those obtained by charged particle activation analy-

sis that is not influenced by surface contamination. This difference corresponds to the oxide layer formed on the sample surface.

Key words : element analysis; surface analysis; oxygen; iron and steel; oxidation.
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Table 1. Chemical composition of the samples (mass %).

C Si Mn P S o] N
JSS GS-2b 030 0.18 073 0.019 0.024 0.0015 0.016
NIST 1095 0.0009 (0.004)

High purity iron{ <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Bearing steel | 0.8 0.2 0.4 0.02 0.006 <0.001 0.007

ERI05ETHo HRT FER 1048 H 18 H3ZFE (Received on July 6, 1998; Accepted on Aug. 18, 1998)
* NI BEk (k) $iF2AT (Technical Research Laboratories, Kawasaki Steel Corp., | Kawasaki-cho Chuo-ku Chiba 260-0835)
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Table 2. Conditions of sample polishing procedures.

. Chemical
Electro-polishing polishing
CH3COOH CrQs y
HCIO H3PO: HCI HF-H202
" CH3COOH CrOs3 170g HF 15mi +
SC;umﬁ‘;‘f"“" °ft 4 oomi +HaPO4 12molel | Ha0p 250mI
+HCIO4 10ml 500ml + H20 30mi
Voltage 10-20V 510V 15V
Current . N
density 0.4 Afem 0.5-1.0 A/ent 0.6 A/eni
Temperature 10°C 60 °C 10°C 0o

Table 3. Analytical conditions of oxygen analysis.

Carrier gas He (purified)
Degassed temperature 2900C
Analyzing temperature 2200C

Flux Tin 0.5g
Calibration samples JSS GS 6b, 2b, 3c, 5¢
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Table 4. Analytical conditions of Auger electron spec-

troscopy.
Beam voltage 10.0kV
lon voltage 2.0kV
Sputtering rate 8A /min
P 9 (Estimated by SiOz)
Pressure 1.0X10%Pa
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Fig. 1. Depth profiles of sample surface after sample pre-
treatments.
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Fig. 2. Depth profiles of sample surface after CrO,—H,PO,
electro-polishing (Ultra high purity iron).
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Fig. 3. Micrograph of sample surface after sample pre-
treatments by SEM observation (Bearing steel).
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Fig. 4. Depth profiles of sample surface after CH;COOH-
HCIO, electro-polishing (Bearing steel).

Table 5. Comparison of analytical values obtained by con-
ventional methods and charged particle activation
analysis method (mass ppm).

Certified value .
) Analytical value
(Analytical of ch!grged
Sample Zz‘:\?e?\:ional particle activation
methods) analysis method
JSS GS-2b 14.6 11.5
NIST 1095 9 54
Bearing steel 3.6 2.2
High purity iron 4.2 2.2

(L ABEOBERAEDEICHY T 5 LHEE SN S,

4. %

il

meNﬁ®%¢W§@§%EﬁCﬁ§?6tbﬁ,@
{ehEks et Rl sy QEMMEL, 1 {LFEE) 2
B ABACIEE I OV TER L,

XA DBELERAT D -0, REHROYEEZY
e WTER T REHE S TR & OO HHED R & 1T - 72,

(1) EMEHOBA, Bty o s-0ARER O
BTAUVERE IS R, EOBERE R L TS HAE LT,
Bl 2 04— 0 ABRERTIE, BT %ISR REI
ICEOLTH ANNE &R, BATENCpHA B L, AORERE

AL ERT 2 EELON D, ZOEKRERI,

BRI, EHICRABEREAB THRET S ZEIZRDR
EAEETH 5,

(2) BRIV T, Bty v s ARERUSNO,
AL EEICR S ERE T, RItORBEICERRESH

141 I




. 142

$% & $H Vol. 85 (1999) No. 2

PPRE L, CORETHRIEOEIHAT O T 7 4 LN
—AFAVETTRDESEWEHHEI XS,

(3) ABREDEROEE LT 5 BRI
SAC KD 0HE L B L 72, RHERBICIEDBEE LA 2
BERE — 815 R R TR & 1T - 7= RIEME H X B — A4t
BRUSIEED 53 il 4 FLBE U 745 R, AUEME 7 2 Bl — At
BRI K 2 A8 2 B N TOREHE 3 87513 1~2 mass
ppm KIEARL T3, ZOENERHEEILEIZHE Y 2 &
Zio6h5,

58

X 3

K.Abiko: Phys. Status Solidi (a), 160 (1997), 285.

S.Suzuki: Bunseki, (1996), 906.

T.Shigematsu, H.Yonezawa and K.Shikano: The J Accelerator Sci.
Technol., 2 (1988), 109.

LA R 2 | WIRAHESE, O APRiHRE 2 RIS 19
EHZ, (1991).

T.Takahari, K.Abiko, 1.0gahara, T.Imakita, S.Harimaya, Y.Inokuma,
Y.Inomata, Y.Ishibashi, K.Tanaka, S.Toyama, Y.Morimoto, K.Ban,
M Kikuchi, H.Okochi and K.Huruya: Tetsu-to-Hagané, 78 (1992),
774.

H.Yasuhara, M.Shimura and K.Yoshioka: CAMP-ISILJ, 10 (1997),709.
H.Yasuhara, M.Shimura and K.Yoshioka: Phys. Status Solidi (a), 160
(1997), 575.

T.Ise, T.Ooishi, Y.Kato and Y.Nuri: CAMP-ISIJ, 10 (1997), 1480.
Pourbaix: Atlas of Electrochemical Equilibria in Aqueous Solutions,
Pergamon Press, New York, (1966).




