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Effect of Misorientation on Intergranular Corrosion and Intergranular Stress
Corrosion Cracking of Type 304 Steel with Coarse Columnar Crystals

Akinori SATO, Kenzo KON, Shigeo TSUJIKAWA, and Yoshihiro HisamaTsu

Synopsis :

The effects of misorientation on intergranular corrosion in boiling H,80,-CuSO, and boiling HNO,

solutions and on intergranular stress corrosion cracking in FeCl, solution were investigated o
As the deviations of the growing direction around (100} orienta-

steel with coarse columnar crystals.

n type 304

tion were within 10°, the grain boundaries were treated as simple tilt boundaries with (100 rotation

axis.

The depth of intergranular corrosion, Dj, and the depth of intergranular stress corrosion cracking,

Dc, of the specimen water-quenched, followed by sensitization at 923K for 7.2ks clearly decreased at
coincidence boundaries (3113, 3317, and 335) and the grain boundaries with rotation angle, w, which
were less than 10° and more than 40°. D; and D¢ of the specimen water-quenched, followed by
sensitization at 823K for 7.2ks after strained to 3.0% clearly decreased at coincidence boundaries and
at the grain boundaries with @ which were more than 40°. However, D; and D¢ changed over a wide

range at the grain boundaries with w which were less than 10°.
was larger for deep D; and D¢, and was smaller for shallow D; and Dc.

Schmid factor of component crystals
This suggests that D; and

D¢ do not only depend on @ but also on the degree of plastic deformation near grain boundaries.
According to observation of carbide precipitation at grain boundaries, carbides were recognized at
random boundaries, but not recognized at coincidence boundaries and the grain boundaries with @

which were about 45°.
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Table 1. Chemical composition of specimen
(mass?;) .
c Si  Mn P S Ni  Cr N

304 0.060 0.54 1.3¢ 0.026 0.010 8.72 18.19 0.016

Photo. 1. Macrostructure of columnar crystals.
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Growth direction of columnar crystals.
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Fig. 2. Number of grain boundaries with various
rotation angles about {100} axis.
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Fig. 3. Relation between the depth of intergranular
corrosion (D)) tested with Strauss method and ro-
tation angle () about {100} axis of the specimens
water-quenched, followed by sensitization at 923 K
for 7.2 ks.
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Fig. 4. Relation between the depth of intergranular
corrosion (D;) tested in boiling 10 kmol/m3-HNO,
solution and rotation angle (w) about {100} axis of
the specimens water-quenched, followed by sensi-
tization at 923 K for 7.2 ks.
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Fig. 5. Relation between the depth of intergranular
corrosion (D) tested with Strauss method and ro-
tation angle (@) about (100> axis of the specimens
water-quenched, followed by sensitization at 823 K
for 7.2ks after strained to 3.09%.
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Fig. 6. Relation between the depth of intergranular
stress corrosion cracking (Dc) tested in 0.26 kmol/
m3-FeCl; solution and rotation angle (w) about
<100> axis of the specimens water-quenched, fol-
lowed by sensitization at 923 K for 7.2 ks.
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Fig. 7. Relation between the depth of intergran-
ular stress corrosion cracking (D¢) tested in 0.26
kmol/m3-FeCl; solution and rotation angle (w)
about {100) axis of the specimens waterquenched,
followed by sensitization at 823 K for 7.2 ks after
strained to 3.09;.
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Photo. 2. Microstructure of the cracked surface of the specimen water-quenched, followed by
sensitization at 923K for 7.2ks and tested with three points bending method in 0.26 kmol/m3-

FeCl; solution.
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Fig. 8. (a) Relation between Schmid factor and
tensil axis and (b) relation between the depth of
intergranular corrosion (D) and tensil axis of
component crystals of the grain boundaries with
w, which were less than 10° in Fig. 5. Difference
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Photo. 4. Preferential attack along slip lines on the
fractured surface of the specimen water-quenched,
followed by sensitization at 823 K for 7.2ks after
strained to 3.09%.
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Photo. 5. Microstructures of the specimen water~quenched, followed by sensitization at 923 K
for 7.2ks: (a) shows oriented pits and grain boundary (G. B), (b) shows G. B free from

carbide.

This G. B corresponds to coincidence boundary of 3 13.

Photo. 6. Microstructures of the specimen water-quenched, followed by sensitization at 923 K

for 7.2ks: (a)
free from carbide.

and (b) show grain boundaries (G. B) with carbide, and (c) shows G. B
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