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Effects of Ferrite Content on Stress Corrosion Cracking Susceptibility
of Type 304 Stainless Steel Weldments in Boiling MgCl, Solution

Y.S. Park, H.J. Kim
Dep’t of Metallurgical Eng., Yonsei Univ.

Abstract

Effects of amount and configuration of ferrite on stress corrosion cracking (SCC) susceptibility of Type 304 stain-
less steel duplex weldments in boiling 42 %, MgCl; were investigated using constant extension rate testing technique.
The weldments with Ferrite Number ranging from 8 to 19 showed very high SCC susceptibility, where continuous
network of ferrite provided easy paths for propagation of SCC. When Ferrite Number exceeded 19, the structure
evolved into one consisting of large ferrite grains and austenite network surrounding the grains. The susceptibility
was, then, lowered by the dissolution of ferrite which stifled the propagation. With ferrite amount below Ferrite
Number 8, the discontinuous ferrite configuration also reduced the susceptibility by ferrite dissolution. The propa-
gation from the unwelded part was completely stopped in the weldment area with Ferrite Number of 1.2.
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Table 1-—Chemical Compositions of Type 304 Stainless Steel Sheet and Type 310, Type 312 Stainless Filler Metal.

Material C Mn Si Cr Ni Fe
Type 304 Stainless Steel Sheet 0.070 0.983 0.605 19.59 8.605 Bal
Type 310 Stainless Steel Filler Metal 0.11 2.0 0.36 269 21.6 Bal
Type 312 Stainless Steel Filler Metal 0.10 1.90 0.33 299 9.70 Bal
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Table 2—Welding conditions employed in the production
of Type 304 weld metal.

pulsed-GMAW 310/304 and 312/304

Average current, A; 130+5
Average voltage, V; 27+1
Carridge travel,cm/min; 15
Pulse rate, pps; 120
Shielding gas, //min Argon; 20

GTAW (dilution-control pass) 310/304 312/304
Voltage, V; 14 14
Shielding gas, //min Argon; 20 20
Current, A; 130-180
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Table 3—Ferrite Number and Chemical Compositions(Wt%) of Type 304 Base and Weld Maetals. (BM: Base Metal,
WM: Weld Metal)

Material Ferrite

Designation Number C Si Mn P S Ni Cr Fe
BM-1 (Type 304) 0 0.070 0.605 0.983 0.027 0.010  8.605 19.59  Bal
WM-A (310/304) 1.2 0.083 0.636 1.243 0.024 0.011 11.13 21.315 Bal
WM-B (310/304) 2.2 0.094 0.576 1.089 0.023 0.010  8.381 19.53 Bal
WM-C (312/304) 7.2 0.137 0.581 1.367 0.025 0.012 9.291 23.37 Bal
WM-D (312/304) 12,6 0.082  0.607 1.002  0.023 0.010  8.501 19.32  Bal
WM-E (312/304) 17.2 0.071 0.584 1.057 0.023 0.011 8.581 19.85 Bal
WM-F (312/304) 19.3 0.111 0.621 1.216 0.025 0.011 8.82 21.69 Bal
WM--G (312/304) 224 0.178 0.625 1.373 0.024 0.012 9.05 23.13 Bal
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Fig. 2 Schematic illustration of the tensile specimen.

dimensions are in centimeters.
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Fig. 4 Duplex stainless steel weld metal microstructures, mix-acid etch. (Ferrite is dark phase. )
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Table 4-—Results of Constant Extension Rate Tests for
Type 304 Base and Weld Metal Specimens of
Varying Ferrite Contents in Boiling MgCly at
154C. (BM: Base Metal, WM: Weld Metal)

Material Ferrite  Time to % Reduction
Designation Number Failure in Area at
(Minutes)  Failure
BM-1 0 49 40
WM-A 1.2 57 47
WM-B 2.2 59 43
WM-C 72 42 32
WM-D 12.6 28 28
WM-E 17.2 36 25
WM-F 19.3 38 31
WM-G 22.4 48 38
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Fig. 13 SEM fractograph of FN=19.3 weld metal

Fig. 11 SEM fractograph of FN=12.6 weld metal
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Fig. 15 Optical micrograph of FN=1.2 weld metal
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