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Effect of Cold Working and Annealing on Intergranular Corrosion
of Metastable and Stable Austenitic Stainless Steels

Mitsuo CHIGASAKI and Ké SOENO

Synopsis:

Intergranular corrosion (IGC) susceptibility to Strauss test of metastable and stable austenitic stainless steels
annealed at 500~800 °C after solution treatment and cold drawing was investigated.

The annealing temperature for giving peak IGC susceptibility ranged from 650 to 700 °Ci in solution treated
specimens and it dropped to lower temperatures, 550~600 °C, in slightly and moderately cold drawn
ones. With increasing the reduction of cold drawing, the IGC susceptibility became very small for all
annealing temperatures tested. The critical reduction of cold drawing beyond which the IGC susceptibility
diminished increased with increasing carbon content in steel.

The effects of cold working and annealing on the IGC susceptibility of metastable austenitic stainless steels
were very similar to those of stable ones. This suggests that the martensite phase induced by cold
working of meastable austenitic stainless steels does not necessarily give an essential effect on the susceptibility
to IGC.

On the basis of electron microscopic observation of grain boundary morphologies and precipitated car—
bides in various specimens, the mechanism of the effect of cold working on the change in 1GC susceptibility

of these steels was discussed.
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Table 1. Chemical compositions of the austenitic stainless steels used (wt%).

CSwed | C© N | N | o | P S Si | Mn | Cu | Mo
304L-7 | 0.014 10.03 | 18.32| 0.030 | 0.006| 0.68 | 1.69

fA] | B04L-T | 0.02 | 0.023| 10.10| 18.72| 0.013 | 0.010 | 0.58 | 1.76 | 0.29 | 0.27
304- | 0-050 8.77 | 18.25| 0.031 | 0.006  0.52 | 1.26

| 304-T0 0.078 | 0.023 | 9.72 | 18.50 | 0.010 | 0.010 | 0.51 | 1.76 | 0.21 | 0.27

By | 316L 0.030 12.09 | 17.37 | 0.037 | 0.009 | 0.70 | 1.79 2.17
309 0.060 13.65 | 22.21| 0.031 | 0.010| 0.79 | 1.64

2. R B /& 3. RBRERBIURE

SRl LA Table 1 2iRd. [AlZV— 7D
HRNISTE T X b = VT o4 NERERE T A UER
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Fig. 1. Effect of annealing temperature on intergranular corrosion in Strauss test for
(a) 304L-1 and (b) 304L-I[. Annealing time : 8h.

250

N3
o
(=)

150

100

Depth of intergranular attack (p)

3]
o

(@) 304-1(0050%C)

148%% cold drawn

\ (0)

solution-treated

(v)

800 600 700 800

Annealing temperature (°C)

250

Depth of intergranular attack (F)

(=]

200

150

100

(34
(=]
1

500 600

(b) 304-I(0078%C)
not

R_—o0

!
solution-
treated

/ (*)

700 800

Annealing temperature(°C)y

Fig. 2. Effect of annealing temperature on intergranular corrosion in Strauss test for
(a) 304-1 and (b) 304-T. Annealing time : lh.
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Fig. 3. Effect of annealing temperature on intergranular corrosion in Strauss test for
(a) 316L and (b) 309S. Annealing time : 8h.
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specimens after Strauss test.
at 700°C for 1h, (b) 309S,

550°C for 8h, (c), (d) 304-

at 600°C for lh.
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L LTSRS TH D, LB 2ThnT & BUnst sy
G 3 XITT BT, NI & BUELE R L T
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¥

Scanning electron micrographs of intergranulary corroded surfaces of

(a) 304-71, solution treated and annealed
cold drawn by 14.89, and annealed at
I, cold drawn by 14.89, and annealed

Photo. 2. raﬁgmlss1on electron micrograph of 304
-1 solution treated at 1050°C for 30
min and annealed at 700°C for 1h.
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Photo. 3. Transmission electron micrographs of 304-71 cold rolled by 14.89;

3
1 2

b

(a) annealed at 550°C for 1h, (b) annealed at 700°C for 1h.
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Photo. 4. Transmisison electron micrograph and
diffraction pattern of 304-71 cold
rolled by 14.89, and annealed at 750°C
for 1h.
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T 553, 700°C DL E B IL ORI NATIRAIEZE L 71 b
FrFTHTIN T 5 RICEITIRD U, 5 RIS
UTHH T 5 72 it RIS B IR T 5.

Photo. 5% 304-1 $H®D 34.8% BREITH OFITH
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7oAt = by v FREOBORBZ AV EF—(ET D
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Wr s, WEMTH T TEDRME & Tk

Photo. 5. Transmission electron micrographs of 304
-1 cold rolled by 34.82;,. (a) annealed
at 550°C for lh, (b) annealed at 700°C
for 1h, (c) annealed at 750°C for lh.
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Pre-treatment : annealed at 650°C for 4hr

Y
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Fig. 4. Effect of annealing temperature on inter-
granular corrosion in Strauss test for 304-
I, (1) solution treated at 1 050°C follow-
ed by annealing at 650°C for 4h and (2)
subsequently cold drawn by 0, 14.8,31.5,
47.19%,. Annealing time : 2h.
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Fig. 5, Annealing curves of the 47.1¢, cold drawn
304L-1I, 304-1I, 316L and 309S.
Annealing time : lh.
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Fig. 6. Effect of annealing temperature on inter—
granular corrosion for 304L-T, 304-TT,
316L and 309S which were preliminarily
recrystallized at 750°C for lh after cold
drawing by 47.19%,.
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