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Effect of Cold Working and Heat Treatment on Stress Corrosion
Cracking Behavior of Duplex Stainless Steel

Kikuo TARIZAWA, Yasuhiko SHIMIZU, Eisaku YONEDA,

Hokoto SHOJI, and Imao TAMURA

Synopsis :

The effects of cold drawing and heat treatment on the stress corrosion cracking (SCC) behavior of
stainless steel having two phases of @ and y were studied in boiling 42%MgCl, solution. It was
found that the effect of cold drawing on SCGC susceptibility was remarkable, and when applied
stress was 8.3, 25kg/mm? or 38% of Y. S., the maximum SCC susceptibility was observed in the
specimens drawn at 159 and 602/ after solution treatment. The critical stress on the SCC was ob-
served in a undeformed specimen, but it was not observed in those which were subjected to cold
drawing. The restraining effect of « on the propagation of cracks was not observed in all the
specimens, on the contrary, the cracks were propagated in « preferentially in the 60% cold drawn
specimen. On aging at 475°C, the change in hardness showed a two-stage hardening behavior. At
the second stage of the hardening (aging for 100h or longer) the SCC susceptibility of the cold
drawn specimen was decreased and did not fail event after 104min. This phenomenon may be inter-
preted by assuming the two phases separation of a-phase. On aging at 700°C from 5 to 17h or
more, the SCC susceptibility was excessively increased, and at the same time the transformation of
a—y+ o occurred. This transformation had a detrimental effect on the SCC susceptibility because
a volume fraction of @ was varied, and furthermore ¢ promoted local corrosion and embrittlement

of the specimens.
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Table 1. Chemical composition of the specimen (wt%).
c Si Mn P \ S Ni Cr Mo Cu N
0.025 0.61 0.51 0.022 1 0.005 6.40 25.29 2.24 0.36 0.17
I050CX 20min___ 0%
3504 1180°C X 5, I15min Condenser
4189an 2OMING | 3808p0 1M 550, 19% ]
—> Test
3504 30%
. 609 MgCl: solution boiling at 142 ~ 145°C
50 ¢an HWING__ 38 o

An: Annealing  1180°C X5min-Quench  Drawing Speed : 80m/min

Fig. 1. Preparation of specimen.
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Fig. 2. Schematic illustration of stress corrosion
test.
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3. RBRBERBLUEER

3-1 AR
Photo. 1 w¥&th{bAMIRN (LIF 0% #M&32) & 60

Photo. 1. Typical microstructures of specimen used. Etchant: Ferrycianid ag.

(a) As-solution treated,

(b) 609, drawn
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Fig. 3. Mechanical properties of specimen after
cold drawing.
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Fig. 4. Effect of cold drawing on time to failure
of duplex steel, SUS 304 and SUS 430 in
boiling 422,MgCl, solution.
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Fig. 5. Effect of the applied stress on time to
failure of specimens in boiling 429,Cl,
solution after cold drawing.
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Photo. 2. Effect of cold drawing on the fracture mode of specimens fractured in boiling
429,MgCl, solution with applied stress of 25 or 65kg/mm2. Etchant: Aqua regia.
(a) (b) 09 drawn, 65 kg/mm?, (c) (d) 159 drawn, 25 kg/mm?2,
(e) (f) 609 drawn, 25 kg/mm?2.
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Photo. 3. Scanning electron micrographs of fracture surface of specimens fractured in boiling 429,MgCl,
solution with applied stress of 25 or 65 kg/mm?2.
(a) 0% drawn, 65 kg/mm?, (b) 15% drawn, 25kg/mm?, (c) 60% drawn, 25 kg /mm?.
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Fig. 6. Change in mechanical properties of spe-
cimens aged at 475°C for various times.
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Fig. 7. Effect of 475°C isothermal aging on
time to failure of specimens in boiling
429,MgCl, solution.
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Fig. 8. Change in visible crack density of spe-
cimens with isothermal aging at 475°C
and 700°C.
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Fig. 9. Effect of the applied stress on time to failure
of specimens fractured in boiling 429, MgCl,
solution after aged at 475°C for 144h.
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—_ 1
20
Photo. 4. Effect of isothermal aging on the fracture mode of specimens fractured in boiling
429,MgCl, solution with applied stress of 76 or 80 kg/mm2. Etchant: Aqua regia.
(a) Aged at 475°C for 144h after 09, drawn, 80 kg/mm?
(b) Aged at 475°C for 500h after 609 drawn, 76 kg/mm?
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Photo. 5. Scanning electron micrographs of fracture surface of specimens cracked in boiling 420,MgCl,
solution with applied stress of 25 kg/mm? after 609, drawn and aged at 475°C.

(a) for 6h, (b) (c) for 500h.
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Fig. 10. Effect of 700°C isothermal aging on time to
failure of specimen in boiling 429,MgCl,

solution.
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Fig. 11. Change in volume fraction of BGC phases

with isothermal aging at 475°C and 700°C.
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Photo. 6. Fracture mode of specimen fractured
in boiling 429,MgCl, solution with ap-
plied stress 25 kg/mm? after aged at
700°C for 16.5h. Etchant: Aqua regia.
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Photo. 7. Scanning electron micrographs of fracture surface of specimens fractured in boiling

429,MgCl, solution with applied stress of 25 kg/mm? after aged at 700°C for 16.5
h and 160h.
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