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Effect of Cold Working and Heat Treatment on Stress Corrosion
Cracking Behavior of SUS 304 Stainless Steel

Kikuo TARK1ZAWA, Yasuhiko SHIMIZU, Eisaku YONEDA,

Hokoto SHOJI, and Imao TAMURA

Synopsis:

The effects of cold work and heat treatment on the stress corrosion cracking (SCC) behavior of SUS
304 stainless steel wire were studied in boiling 429,MgCl, solution under the applied stress of 25kg/mm?2.

The SCC susceptibility of the specimen which was subjected to a cold work greatly decreased with
lowering the working temperature when the degree of cold work was 7% or above, but has a tendency
to increase in the case of a less working or an as-subzero treatment. It seems that the change of
such an SCC susceptibility was closely related to the formation of stress-induced martensite. It was
found that the intergranular SCC (IGSCC) was observed under the condition of cold work or as-
subzero treatment which increased SCC susceptibility. The above results suggest that there is a corre-
lation between the SCC mode and the working condition, and the IGSCC was due to the formation
of ¢-type martensite. In the specimens which were aged at 470 or 530°C for short time after the
solution treatment, the SC/C susceptibility was increased, and the IGSCC was observed, whereas it was
not observed after aging at 600, 700 or 850°C for more than 0.5hr in the solution treated or cold

worked specimens.
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Table 1. Chemical composition of specimen (wt%),

C Si Mn P S Ni Cr N
0.05 | 0.25 | 1.10 |0.029 |0.022| 9.07 | 18.26 |0.042
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Fig. 1. Preparation of specimen.
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Fig. 2. Mechanical properties of specimens after
cold drawing.
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Fig. 3. Change in mechanical properties of spe-
cimens aged at 530°C for various times.

— 67 —



516 g L W

w66 4 (1980) %55 =

1507
SN 730°C e 0% TS.
E N o
£ ( )850C a 15% . v.S.
e m 60%
2 100}
& s
@ t N a1y
‘B é- =~ = b . ()
2 TSR ~ (a)
@ TN -
[ad 501 N T A
° ~ Tl
c L N See-a
< R ')
% e —— e m——————— . (am)
g

0 A L L \ L "

0.5 1 10 100 1000

Aging Time (h )

Fig. 4. Change in mechanical properties of spe-
cimens aged at 730° and 850°C for va-
rious times.
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Fig. 5. Effect of cold-deformation and defor-
mation temperature on the time to failure
of spcimens fractured in boiling 429
MgCl, solution at 25 kg/mma?.
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(a) 12% deformed at 20°C

Etchant : Aqua regia
(b) 12% deformed at —60°C

Photo. 1. Effect of deformation temperature on martensite morphology.
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Etchant : Aqua regia
(a) Deformed at 200°C (b) Deformed at 100°C
(c¢) Deformed at 0°C (d) Deformed at —60°C

Photo. 2. Effect of deformation temperature on the fracture mode in boiling 4225
MgCl, solution at 25 kg/ mm?2. (129, deformed)

Etchent : Aqua regia
(a) As-solution treated (b) At 0°C for 3h
(c) At 20°C for 3h (d) At —196°C for 3h

Photo. 3. Effect of subzero temperature on the fracture mode in boiling 429 MgCl,
solution at 25 kg/ mma?,
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Photo. 4. Scanning electron micrographs of fracture
surface of specimen fractured in boiling
429,MgCl, solution at 25 kg/mm? after
cold drawing.
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Fig. 6. Effect of cold-deformation and deforma-
tion temperature on the fracture mode of
specimens fractured in boiling 429,MgClI2
solution at 25 kg/ mm?2.
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Fig. 7. Effect of 530°C isothermal aging on time
to failure of specimens in boiling 429,
MgCl, solution at 25 kg/ mm?2.
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Fig. 8. Effect of 600°C isothermal aging on time
to failure of specimens in boiling 429,
MgCl, solution at 25 kg/ mm?2.
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Fig. 9. Effect of 850°C isothermal aging on time
to failure of specimens in boiling 429,
MgCl, solution at 25 kg/ mm?2.
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Fig. 10. Effect of aging temperature on time to
failure of specimens in boiling 429,
MgCl, solution at 25 kg/ mm?2.
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Photo. 5. Scanning electron micrographs of fracture surface of specimens fructured in
boiling 429, MgCl, solution at 25 kg/ mm? after aging at 470°C for 0,5h.
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Photo. 7. Scanning electron micrographs of fra-
cture surface of 159, drawn specimen
fractured in boiling 429, MgCl, colu-
tion at 25 kg/ mm? after aging at 530
°C for 0.5h.

Photo. 8. Scanning electron micrograph of fra-
cture surface of 609, drawn specimen
fractured in boiling 429, MgCl, :olu-
tion at 25 kg/ mm? after aging at 600
°C for 560n.
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(a) Aged at 470°C for 15h after 0% drawing.
Photo. 6. Scanning electron micrographs of fracture surface of specimens fractured in
boiling 429, MgCl, solution at 25 kg/ mm?2.

(b) Aged at 470°C for 3h after 15% drawing.
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