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A New Observation Method of o Phase in Austenitic Stainless Steels
Takeo Sumina, Takeshi Ixuno, Kazuo Fukusama, Kunihiko Yosuikawa and Toshio SaBURrl

Synopsis : In order to establish an appropriate process for observation of distribution of ¢-phase particles in austenitic stainless
steels, which enables observation of a large numbers of specimens in a short time, extraction replica methods combined
with image-processing technique were explored. Obtained results are as follows :

(I) For o-phase in SUS316H steel, any of the following three extraction method works satisfactorily : (1) electrolytic
etching by 10%acetylacetone-19%HCl-metanol followed by extraction by the same electrolyte ; (2) etching by 10%Br.
-ethanol solution followed by extraction by Villella’s solution : (3) etching by Villella’s solution followed by extraction

by the same solution.

(II) For o-phase in SUS304H and SUS321H steels, the third method above is suitable.
(IIT) For exclusive observation of the o-phase particles from other coexisting M,;Cs, TiC and Laves phase particles,

image-processing is useful.
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Table 1. Chemical compositions of austenitic stain-
less steels used in this study.

Chemical composition (mass%)
C Si Mn P S Cu N C Mo Ti

SUS304H 0.08 0.63 1.76 0.028 0.004 0.07 9.06 18.40 0.06 0.0l
SUS321H 0.05 0.60 1.72 0.029 0.002 0.05 12.15 17.40 0.06 0.51
SUS316H 0.06 0.30 1.57 0.025 0.014 0.33 13.24 18.00 2.27 <0.01

Table 2. Nominal sizes and served conditions of
austenitic stainless steels used in this

study.
SUS304H SUS321H SUS316H
Nominal size (mm) $63.5Xt3.2 $54%Xt8.0 ¢63.5Xt10.0
Designed temperature (°C) 593 610 614
Designed pressure (MPa) 2.94 18.6 19.0
Service time (h) 107, 277 130, 503 161, 308
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Fig. 1. Transmission electron micrographs of pre-
cipitates in a thin film of a SUS304H steel.
(a) Precipitates on an austenite grain bound-
ary. (b) Precipitates within an austenite

grain.
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Fig. 2. Transmission electron micrographs of pre-
cipitates in a SUS304H steel observed with
the 3 kinds of extraction replica.
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Fig. 3. Transmission electron micrographs of pre-
cipitates in a thin film of a SUS321H steel.
(a) A precipitate on a triple point of aus-
tenite grain boundaries. (b) Precipitates
within an austenite grain.
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Fig. 5. Transmission electron micrographs of pre-
cipitates in a thin film of a SUS316H steel.
(a) A precipitate on a triple point of aus-
tenite grain boundaries. (b) Precipitates
within an austenite grain.

Fig. 4. Transmission electron micrographs of pre-
cipitates in a SUS321H steel observed with
the 3 kinds of extraction replica.

(a) 1%HA. (b) Villella’s solution and Br,-

ethanol. (c) Villella’s solution.
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Transmission electron micrographs of pre-
cipitates in a SUS316H steel observed with
the 3 kinds of extraction replica.

(a) 1%HA. (b) Villella’s solution and Br,-
ethanol. (c) Villella’s solution.
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Fig. 7. Result of EDX analysis of a ¢ phase particle
in a SUS321H steel.
(a) Electropolished thin film. (b) Extraction
replica.

TEM, Fe-K. and Cr-K. images of an
extraction replica of SUS316H steel.

(@) TEM image. (b) Fe-K . image. (c) Cr-Ku
image.

Fig. 8.
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Fig. 9. Image of o phase in a SUS316H steel after
gle image processing with the results in
ig. 8.
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