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Corrosion Fatigue Behavior of 13Cr Martensitic Stainless Steels in 3 % NaCl

Solution with a Special Reference to Their Intergranular Corrosion Suscepti-

bility

Toshinori OzAK1, Yuichi ISHIKAWA and Yoshihiko MUKAI

Synopsis :

Corrosion fatigue tests of 13Cr martensitic stainless steels in several tempered states were carried out
in 3% NaCl solution at room temperature, and the effect of metallurgical variables on corrosion fatigue
strength at 107~ 10° cycles was investigated. The followings are found : 1) Corrosion fatigue strength oy

monotonically decreases with the loading cycle.

At 10° cycles, owc decreases to 50MPa for some tempered

states. 2) In a high cycle region, oy strongly depends on the tempering conditions, and oy of the steels
sensitive to intergranular corrosion was relatively low because of the formation of deep pits. 3) The appa-
rent stress intensity factor for corrosion fatigue cracking, K., is about 1.6~ 2.5MPay/m at 107 ~10° cy-
cles and independent of tempering conditions. 4) The rate determining process for corrosion fatigue life
under high cycle and low stress conditions appears to be that of pitting corrosion. 5) One of the effective
methods to increase corrosion fatigue strength may be careful selection of the tempering conditions in which

the Cr depleted zone is not formed.

Key words : martensitic stainless steel ; corrosion fatigue ; tempering ; sensitization ; intergranular corrosion ;

corrosion prevention ; 3% NaCl solution.
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Table 1. Chemical composition, heat treatment
and hardness of the specimens used for corrosion
fatigue test (Frequency : 50 Hz). (Wt%)

C Si Mn P S Ni Cr Mo Cu

A |0.13 0.68 0.71 0.024 0.018 1.45 11.97 0.05 0.10
B 0.10 0.38 0.56 0.020 0.013 2.40 12.41 0.55 0.10
Specimen Heat treatment Tensile | Elon- | Vickers
pNo. Quench Temper strength | gation | hardness
2—% 600°CX§E ggOMPa 12% 295
~ o 670°C X 1 14 285
STOCX2h | 1 600°Cx 15h
B-1 cooli 600°C X 5h 853 15 273
B-2 ng 450°CX4h  |1350 8 412
B-3 700°C X 4h 882 11 262
o 700
N
Q
£ 600}
Q
3
g
£ 500
2 0B-3
£ 400
05 1 5 10
Tempering time_~h
Fig. 1. The heat treatment and intergranular

corrosion susceptibility (IGC) of the specimens in
TTS diagram for the 13Cr martensitic stainless
steels.
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Fig. 2. Schematic drawing of Ono-type cyclic

loading fatigue test apparatus.
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Fig. 3. Corrosion fatigue behavior in 3% NaCl
solutions for the specimens B-1, B-2 and B-3.
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Fig. 4. Relationship between the corrosoin fatigue
strength and hardness of the specimens A and B.
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Fig. 5. The number of pits observed in the sur-
face as a function of loading cycles.
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Fig. 6. The maximum pit depth X,,,. against the

loading cycles.
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Fig. 7. Relationship between apparent stress in-

tensity factor for corrosion fatigue cracking and
the loading cycles.
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Photo. 1. The fracture surface showing the crack
nucleation site of the specimen A-1.
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(a) Cross sectional views of the crack nucleation site and corrosion pit, (b) en-
larged view of the crack nucleation site, (c) appearance of the bottom of the corrosion pit, in-
tergranular corrosion { I ) and general corrosion (11 ).
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Photo. 3. The fracture surfaces at
the portion far from initiation site
for the specimen A-2.
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Fig. 8. The corrosion fatigue
strength of tempered 13Cr martensi-
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