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Tensile Property Changes Due to Phase Decomposition in Duplex Cast Stainless Steel

Takayuki Miura, Hisashi KuwaNO and Kenji KIKUCHI

Synopsis : Duplex stainless steels are subject to embrittlement due to the phase decomposition of ferrite to form Fe-rich phase and Cr-rich phases during

thermal aging about 300°C. The decomposition fraction of ferrite and the volume fraction ( f,,) of Cr-rich phase were measured by Mdsbauer

spectroscopy as a function of aging time at 350°C. The result of f,, was consistent with a result obtained by TEM for the specimen aged for

10016 h. The phase decomposition was accompanied by the increase in hardness of ferrite and 0.2% proof stress, contrary to the decrease in

fracture elongation. The origin of the strength change can be fully explained by a model proposed by Williams for f,,<12%, but partly for

f.»>12%. Initiation of crack was observed near the ferrite boundary adjacent to arrested slip bands in the deformed austenite by the in-situ

observation under tensile test. The crack nucleation is discussed on the basis of the Stroh’s model.
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Table 1. Chemical composition of duplex stainless steel
and phases. (mass%)

C Si Mn P S Ni Cr Mo N

CF3M 0.018 1.19 0.69 0.017 0.004 9.98 19.89 2.42 0.025
Ferrite — 124 047 — — 548 240 373 —
Austenite — 1.09 0.55 — — 9.11 194 247 —

24 HOLES

Fig. 1. Schematic diagrams of flat tensile samples (all di-
mensions are given in millimeters).
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Fig. 2. Mean hyper fine magnetic field as a function of

aging time at 350°C.
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Fig. 3. Mdssbauer spectra decomposed into component
peaks around the center of velocity axis. (a) As
cast, (b) aged for 30 kh.
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Fig. 4. Decomposition fraction (left) and volume fraction
of Cr-rich phase (right) as a function of aging time
at 350°C.
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Fig. 5. Bright (a) and dark (b) images of the precipitate in
the ferrite matrix aged at 350°C for 10016 h.
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Fig. 6. Vickers hardness of ferrite and austenite as a func-
tion of aging time at 350°C.
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Fig. 7. (a) 0.2% proof stress (0,,) and ultimate tensile
strength (UTS), (b) fracture elongation (e;) and
hardening exponent (n) as a function of aging time.

3.4 s|R¥MECTEEEE

Fig. 6137 =94 b &A =25 F A  BHEEDRERIRFREIZ
ftchsd, A—27+4 FPEEIZELE 0D, 7254
DRERE T RO & L L, £ OS82 B
Bz Tnb, BRYIOBERESEREIHES S 1khRR &
TOYMERE T, KERIDO 7 2 54 FEEH,=230025
H=260~D UBMU 7z, 2BREHIZ 1k IR T, 1R
FOHMENAKREL, kWL EDT7 = 74 MEEIEZHS=
360 TEIFIS 5. Fig. 73 -0 A2 556 i
0.2%1it 11 (0,,) & BI5EH B (UTS)D RN ZEL TdH %,
00, & UTSIZ 400 h BRI 2 & MM L #EY . o,,13 10016 h
B TR A & 0 9 130 MPa, UTS 349 1S0MPatEimL
72 Fig. 7(o)E I LEEAL 18 8 (n) & BRI {8 ¥ (e,) D g R B ]
ZLTH B, nid 1 khBFRIAHE A S L 4%, 10016 h i

O n EKBFIMAOM@E D & 0.0SHMU 72, e ILBFRDIFE
& ITHA L 10016 hBERN D e 13 RBF I D 33% 5 6 24%
NER10% B L 7=,
3.5 ZOEHRE

SERER #1T VWAL L RMABE TS L, WHAK
689MPaD & & 7 = 74 MIFIRGENZEE &N A

103 I




. 104

$% & $8 Tetsu-to-Hagané Vol. 87 (2001) No. 2

fm‘!nnﬂamml

Fig. 8. The surface structure with a crack and slip bands
observed by in-situ SEM; (a) aged for 5004 h (at
tensile stress of 721 MPa), (b) aged for 10016 h
(after fracture).
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Fig. 9. The deformation structure of ferrite aged for
10016 h observed by optical microscope.
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Fig. 10. Yield stress of ferrite as a function of volume
fraction of Cr-rich phase.
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Fig. 11. Fracture elongation as a function of volume frac-
tion of Cr-rich phase.
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