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Effect of Corrosive Factors on Progression of Pitting Corrosion of Welded
SUS304 Steel under Freezing and Thawing Corrosive Environment

Kazunori ISHITSUKA™, Tsuyoshi TAKAHASHI, Jun-ichi SHIBANO,
Setsuo MIURA, Michiaki KOBAYASHI and Yoshitaka IWABUCHI
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It has been reported that pitting corrosion occurs in stainless steel under the specific conditions which a corrosion
factor superimposes. In cold and snowy area, welded structures on the outdoors are exposed to combinational
environment of the salt damage and the freezing damage, in which the corrosive solution containing Cl ™ chlorine ions
from the sea breeze and snow melting agents undergo freezing-thawing cycles during the winter. The cause of pitting
corrosion phenomenon which occurs in the welded stainless steel under such a combinational environment has not yet
been clarified. In the previous report, accelerated pitting corrosion is confirmed to have occurred as a result of
concentration cell corrosion due to a local concentration of Cl ™ chlorine ion around a weld bead during freezing and
thawing of the solution. In the present study, it is investigated that the effect of corrosive factors on the progression of
pitting corrosion in welded austenitic stainless steel under freezing and thawing corrosive environment. Austenitic
stainless steel SUS 304 plates with bead-on-plate welding are used as specimens. The specimens are fully immersed in
FeCl; solution. The freezing-thawing environment is created by temperature cycling form 20 C to -20 “C. One cycle
of freezing-thawing is 12 hours and 24 hours. As a result, in the austenitic stainless steels under a freezing and thawing
corrosive environment, it became evident that sensitive metallographic structures influences an occurrence of large
scale pitting corrosion, and a stress level influences an accelerated progression of the pitting corrosion.
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Fig. 1 SUS304 specimen with bead on plate welding
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Table 1 Chemical composition of SUS304 steel and welding rod (mass%)
C Si Mn P S Ni Cr
SUS304 steel 0.07 0.58 1.56 0.030 0.008 | 8.26 18.32

Welding rod 0.05 0.57 1.52 0.020 | 0.009 | 9.68 19.72

Table 2 Mechanical properties of as-received SUS304 steel

Tensile strength Elongation Hardness
(MPa) (%) (HRC)
897 33 31
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Fig. 2 Schematic diagram of the pitting corrosion test under freezing and thawing corrosive environment

Table 3 Corrosion test conditions

No. Temperatqre condl.tlon of .Cycle Welding Heat treatment
corrosive solution time(hr) procedure
1 Freezing and Thawing 12 Bead on plate —
welding
2 Freezing and Thawing 24 Bead on plate —
welding
3 Freezing and Thawing 12 — Solution*1)
4 Freezing and Thawing 12 — Sensitization*2)
. . Similar temperature
5 Freezing and Thawing 12 — history in welding*3)
6 +20°C isothermal — Bead on plate —
welding

Solution concentrations are 6%FeCl; for all conditions
*1) 1373Kx1.8ks = W.Q.
*2) Solution heat treatment =923Kx7.2ks = A.C.
*3) 1373Kx180s =A.C. ; Refer to Fig.9
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(b) 24hr/cycle test
Fig. 3 Change in concentration and temperature of 6% FeCl; solution for one cycle under freezing and thawing environment
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Fig. 4 Change in content of CI™ in 6%FeCl; solution and temperature for one cycle of Freezing and Thawing
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Fig.5 Occurrence of pitting corrosion of MIG welding specimen in 6% FeCl; solution for 14days
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Fig.6 Area of maximum pitting corrosion near weld bead of MIG specimen in 6% FeCl; solution for 14 days
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Fig. 7 Temperature history (Experiment and simulation)
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Fig. 9 Temperature history at corrosion point by simulation
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930°C22 5 600°CE TORMKFHIAY 18 B & 722 L 9 IR 230 L 7Bt Ch 5. BIRICITER 3 1T
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BB IZHBIT & 220, 1@DFLEIZE 11()DFLEITEEANERIC L VRS R L Tz, ZOFLEFEHO
BT, BRSO KRE SICERT S LRSS, 7, 10 IR L72 L 91T, e — NIt REE AR
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RLEBEEMNR 11(d)THD. 11(c) & X 11(A)DFLERAIXITIFIEBRL L TN D720, IRERERCIIR R @R B 7
STHOREREEIRN BT TE 5.

INHOFERNG, HFRRERRE TICh - T, LBORAMbEFHE T 2RI TH Y, L&
ZEILICESER ST HOIFEEV IS/ TH S LHEEINT-.

Corrosion point

® 15mm

ke

(c) Similar temperature history in welding;  (d) Similar temperature history in welding;
maximum temperature of 930°C maximum temperature of 850°C
Fig. 11  Occurrence of pitting corrosion of specimens in 6% FeCl; solution for 14days
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- ¥ BETRE L
TRl
\.‘-f.'-

SR 3

um > 15um
(a) Solution heat treatment; (b) Sensitization treatment (c) HAZ of welded specimen
1373K X 1.8ks W.Q. after solution heat treatment;

1373K X 1.8ks W.Q. = 925K X 7.2ks A.C
Fig.12 Microstructure of specimens subjected to different thermal history

(b) Snsitizaton treatment
after solution heat treatment
Fig.13 Surface of specimen immersed in 6% FeCl; solution for 14days
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Llectrode reference Polentiostat

Ceramics roller SUS304 Plate
(Test specimen)
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|‘| o/Agcl Electrode () U
Specimen I I
)
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|
Isorhemml bath Saturated KCI solution
Test solution (lkum] NaCl) Reference bridge tube

Fig. 14 Device for measuring the anodic polarization Fig. 15 4 point-bending to apply tensile stress to specimen

Table 4 Voltammetry test conditions

Tensile stress by bending
Heat treatment (MPa)
Solution heat treatment 0
Sensitization treatment 0, 300, 600

<
~
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- Sensitization treatment

i
(o8}

¢ Solution heat treatment

Pitting potential , V vs. Ag/AgCl
> 5 s ©
—~ o = i

<
o
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200 400 600 800
Tensile stress by bending , Mpa

Fig.16 Relationship between pitting potential and tensile stress by bending
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