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A New Etching Method of Deformation-induced Martensite in Type 304 Stainless Steel Hot Rolled Plate
’ Hiroshi HAYAKAWA and Michihiko NAGUMO

Synopsis : A two-step etching method was. devised so as to visualize the deformation-induced martensitic phase, o', in an austenitic stainless steel

SUS304. The method, a combination of an electrolytic and a chemical etching, selectively etched o’ phase. The visualization of martensitic

phase utilizes the etch-pit row formed by the present etching method. In a 3 mm-thick plate subjected to a three-point plane-strain bending

using a punch of 6 mm in radius, the amount of surface-strain was almost constant in an angle range of *+35° from the bending center, but de-

creased in higher angles where the amount of the surface-strain remained higher than that on the outer surface. The amount of &’ was higher

on the inner surface than that on the outer surface even at the same level of strain. The amount of spring-back was 10° in 180° bending, pre-

sumably due to the different distributions of &’ phase.
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Table 1. Chemical compositions of the steel used.

(mass %)
C Si Mn P S Ni | Cr
0.062]| 0.72 | 1.26 | 0.03 |0.003 | 8.35 | 18.27

Table 2. Mechanical properties of the steel used.

0.2%PS | Tensile |Elongation| Young
(MPa) Stress (%) Modulus
(MPa) (MPa)
265 605 73 205600
e 2

Fig. 1. Schematic illustration of the bending jig; 1: blank,
2: punch of 12mm-diameter, and 3: die.
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Table 3. Two-step etching conditions developed for revealing deformation-induced martensitic phase in SUS304.

Electrolytic etching Chemical etching
Composition of Etching Composition of Etching
solution condition solution condition
CrO: 10~ 1 g Room temperature, 5 to HNO: 5 ~ fce 15°C
HF 2cc 10V in applied voltage, FeCl « 6H:0 5g in sol.-temp.
NHSF  HF 5g 0.5A/cm’in current density, H.O 20cc 10 to 50sec
H.O 100cc 16t 60 in time HCl Sce in time
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Fig. 2. Optical micrographs of (a) a tensile-tested speci-
men, (b) micro-segregation-bands in the gauge sec-
tion and (c¢) deformation-induced martensitic phase
formed by indentation.
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tensile axis

Fig. 3. Optical micrographs of deformation-induced martensitic phase in specimens tensile-srained (a) 20% and (b) 30%.
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Fig. 4. (a) Optical micrograph of deformation-induced
martensite and (b) the surface roughness along the
line AB in (a) after etching by a Vilella’s solution.
The strain was 20%.
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Fig. 5. (a) Optical micrograph of deformation-induced

martensite and (b) the surface roughness along the

line AB in (a) after etching by the present solution.
The strain was 20%.
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Fig. 6. Low magnification photographs of a bent specimen after etching by (a) a Villela’s solution and (b) the present solution. (c)
is a schematic distribution of deformation-induced martensitic phase represented by dots.
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Fig. 7. Optical micrographs of deformation-induced
martensitic phase distributed on a longitudinal
cross section near the (a) outer and (b) inner sur-
face of a 180°-bent plate.
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Fig. 8. Transmission electron micrographs of a specimen
tensile-strained to 20%. (a) A bright field image
and (b) dark field image from the 110« spot in the
diffraction pattern shown in (c). (d) is the key dia-
gram of (c).
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Fig. 9. (a) XRD patterns and (b) volume fractions of o'

and 7y phases of specimens given various amounts
of strain. '
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Fig. 10. Strain on the outer and inner surfaces of a speci-
men bent to 180° or 110°.
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Fig. 11. XRD patterns of the (a) outer and (b) inner sur-
faces of a 180°-bent specimen.
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Fig. 12. Comparison of o' phase fraction measured by
XRD and microscopic observation. The ¢’ phase
by microscopic observation is the dark area re-
vealed by etching.
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Fig. 13. (a) Strain along the surface arc of a 180°-bent
specimen and (b) areal fraction of &' phase re-

vealed by etching.
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Fig. 14. XRD patterns of specimens tensile-strained to
20% (a) without etching, (b) etched by a Vilella’s
solution and (c) etched by the present solution.
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o BN —RRICEREL T, IO REREEIZR Y,
i F FIAR D TR Bs M A3 B D 13 40~90° D B I3 &R o

 EBOHERDPECTZDTH S,

(4) BIERRBRF HEO BIABSE RIIHOR O RIS KG
SEMRZEL R, I ZRFIOHIR of HH A SFDRZEE T
ERELTED, yHE o HOFNERY S 5., HIFHERE

295 I



B 296

$kE8A  Tetsu-to-Hagané Vol. 89 (2003) No. 2

EROWKD SFRZEZFIRER & 0 & &K TR &

n,

1)

2)

4)
5)
6)
7)
8)

9)

ol b/ ARV

X 73

T.Anzai, J.Endou, TMizuno and H.Yamada: J Jpn. Soc. Technol.
Plast., 37 (1996), 743.

Y.Nagai: J Jpn. Soc. Technol. Plast., 29 (1988), 69.

K.Koyama, T.Anzai, J.Endou, T.Mizuno and H.Yamada: J Jpn. Soc.
Technol. Plast., 39 (1998), 66.

T.Angel: J. Iron Steel Inst., 177 (1954), 165.

PM.Kelly and J.Nutting: J. Iron Steel Inst., 194 (1961), 199.
ELecroisey and A.Pineau: Metall. Trans., 3 (1972), 387.

A Makinouchi: J. Jpn. Soc. Technol. Plast., 31 (1990), 870.
HEPNRER © #1175 - 76 BT ILAR S, O ASMIG S
i, ®HL, (2001), 33.

H.Hayakawa and M. Yasui: CAMP-ISIJ, 8 (1995), 704.

86

10)
11)
12)
13)
14)

15)

16)
17)

18)
19)
20)
21)
22)
23)

R.L.Miller: Trans. Am. Soc. Met., 57 (1964), 892.

A Tanaka and K.Hoshino: Nisshin Steel Tech. Rep., 52 (1985), 36.
R.Langneborg: Acta Metall., 12 (1964), 823.

M Katou and Y.Torisaka: J Mech. Eng. Lab. (Jpn.), 45 (1991), 55.
AEHHES EROMBELBARKIG, EXXE, #x,
(1972), 60.

JImamura, H.Hayakawa and T.Taoka: Trans. Iron Steel Inst. Jpn., 11
(1971), 191.

G.B.Olson and M.Cohen: Mezall. Trans. A, 6A (1975), 791.
T.Iwamoto, N.Tobi and Y.Tomita: J. Jpn. Soc. Technol. Plast., 39
(1998), 50.

G.C.Rauch and W.C Leslie: Met. Trans., 3 (1972), 373.

W.C.Leslie and R.J.Sober: Trans. Am. Soc. Met., 60 (1967), 459.
J.PHirth and M.Cohen: Metall. Trans., 1 (1970), 3.

R.J.Olsen and G.S.Angell: Trans. Am. Soc. Met., 62 (1969), 711.
H.Onoda and I.Tamura: Bull. Jpn. Inst. Met., 15 (1976), 674.
H.Hayakawa and M.Nagumo: CAMP-ISIJ, 15 (2002), 556.



