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Stress Corrosion Cracking Behavior of STS 304
Steel Weldments
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Dep’t of Metallurgical Eng., Yonsei Univ

ABSTRACT

When STS 304 steel was welded by Gas Tungsten Arc Welding Process, the effects of welding conditions
on the ferrite contents of weld metals were studied and the stress corrosion cracking susceptibility of these weld
metals were investigated using constant extension rate testing technique in boiling 42% MgCl, solution.

The ferrite content did not change with welding heat input, but was reduced by increasing Ni eq./Cr eq.
of weld metals, nitrogen content and holding time of post weld heat treatment. Stress corrosion cracking resis-

tance was the highest when ferrite number was 1.5, and then decreased with increase in ferrite number to 4.2.

In case the amount of ferrite was controlled by nitrogen content, stress corrosion cracking susceptibility did

not show any significant change.
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Table 1. Chemical Composition of Base Metal and Filler Meials
(W1 %)
— Componentf .. N . . . .
—— I S . b 2
Material \\\ C Si |Mn 1 Ni Cr Mo N Fe
Base STS 304
0.0710.48 | 1.08]0.028/0.010{ %.48[18.40[0.05| 0.020 | Bal
Meral Stainless Steel
STS 308
0.0310.56 1 1.87]0.022]0.010]10. 08{20. 10| 0.08 | 0.023 | Bal.
Filler Stainless Steel
Metal STS 310
0.1010.40 | 2.03|0.020}0.006|21. 88]26.43| 0.04 | 0.027 | Bal.
Stainless Steel
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Table 2. Welding Conditions and Post Weld Heat Treatments Emploved in the

Production of Weld Metals.
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Welding Conditions Post Weld Heat Treaiments*
o e & | volage, v | T Seeed T gy | Eller el n g » ing Time, &ec
, ge, em/min ille a Feed Speed. min Shield gas, 1/min Holding Time, &ec
A, 160 13 12.8 310 S. S 19.0 Ar, 12 -
A, 160 13 9.6 3105, 5. 19.0 Ar, 12 -
A, 160 13 9.3 30 8.8 19.0 Ar, 12 -
A, 160 13 8.2 310 5.8 19.0 ! Ar, 12 -
C, 150 18 14.0 308 S. S 19.0 Ar, 15 -
C, 150 18 : 14.0 310 8. 8 17. 4 Ar, 15 -
C, 150 18 14.0 310 S. S, 25.2 Ar, 15 -
C. 150 18 14.0 310 S. 8. 29. 4 Ar, 15 -
N, 150 18 14.0 308 S. S 19.0 Ar, 15+ N,, 0.3 -
N, 150 18 | 14.0 308 8. 6 19.0 Ar,15- N, 0.5 -
N, 150 18 14.0 308 S. 8 19.0 Ar, 15+ N,, 0.7 -
H, 137
H, 165
t, 150 18 14.0 308 S. S. 19.0 Ar, 15 195
H. l 200
H, l 240

» After holding at 1200T, water quenching.

Table 3. Ferrite Number and Chemical Composition (wt %) of Weld metals.

No. | Ferrite N: C Si Mn p S Ni Cr Mo N Fe
C, 4.2 0.063 | 0.58 | 1.30 | 0.020{0.011| 858 | 18.41| 0.04 | 0.034 | Bal
C, 2.0 0.08 ] 0.45 1 1.30 1 0.021|0.011 | 11.48 | 20.06 | 0.07 | 0.022 | Bal
C, 1.5 0.08 | 039 | 1.33|0.022|0.011 | 12.08 | 20.66 | 0.05 | 0.021 | Bal
C. 0 0.082 | 0.49 | 1.35 | 0.024 | 0.011 [ 13.29 | 21.35| 0.07 | 0.032 | Bal
N, 3.0 0.062 | 0.58 1 1.30 [ 0.021]0.011| 858 | 18.39| 0.05 | 0.085 | Bal
N, 2.1 0.063 1 0.56 | 1.30 | 0.020| 0.011 | 8.58 | 18.41| 0.04 | 0.108 | Bal
N, 1.0 0.062 | 0.57 1 1.30 | 0.020| 0.011 | 8.56 | 18.43 | 0.04 | 0.155 Bal.
H, 3.0

H, 2.0

H, 1.4 0.063 | 0.58 | 1.30 | 0.020| 0.011 | 8.58 | 18.41| 0.04 } 0.034 Bal.
H, 0.7

H, 0 |
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Schematic illustration of welding process

and tensile specimen preparation.
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Fig. 3. Schematic diagram of

cracking test cell
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D  Diameter of hole for pin 9.1
Fig. 2. Schematic illustration of the tensile specimen.

II.

All dimensions are in millimeters.
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Fig. 5. Effect of Heat Input on ferrite No. in
STS 304 stainless steel weld metal.
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(a) Cq., FN=42 (b) C2, FN=20 (c) C3, FN=15
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Fig. 9. Duplex stainless steel weld metal microstructures, mixed acid (10m} HNO, + 10ml CH,COOH -

15m! Glycerine) etch, X 400 (Ferrite No. is controlled by Ni eq./Cr eq.)

(a) Ny, FN=30 (b) N, F.N.=21 (¢) N3, FN.=10
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Fig. 10. Duplex stainless steel weld metal microstructures, mixed acid etch, X 400 (Ferrite No. is

controlled by nitrogen content).
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(a)

(b)

Fig.13. SEM fractograph of STS 304 base metal specimen tested in 42% MgCl, at an initial strain

rate of 7.75 X 107* §~ (a) X 30.8
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Schematic illustration of typical stress

corrosion crack propagation in duplex

stainless steel weld metal.

(a) S.C.C. in austenite phase

(b) S.C.C. passing through ferrite phase

(c) S.C.C. along ferrite-austenite phas
boundary

(a)

Fig. 15. F.N. 4.2 weld metal specimens (C,) tested in 42% MgCl, at an initial strain rate of
7.75>107 S .

(a) SEM fractograph, X 540 (b) Optical micrograph, mixed acid etch, X 400

(b)
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Fig.16. SEM micrograph of F.N. 2.0 weld metal
specimen (C,) tested in 42% MgCl, at an
initial strain rate of 7.75 X 10™¢ g,

mixed acid etch, X 2000.
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Fig. 17. F.N. 1.5 weld metal specimens(C,) tested in 42% MgCl, at an initial strain rate of

7.75 X107 s

(a) SEM fractograph, X 540

(b) Optical micropraph, mixed acid etch, X 400
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Fig.18. SEM micrograph of F.N. 1.5 weld metal
specimen (C,) tested in 42% MgCl, at an
initial strain rate of 7.75x 107 s,
mixed acid etch, X 1500.
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