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Study on Thermal Aging of Stainless Steel Weld Metals
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Abstract

Fracture toughness tests and atom probe tomography were conducted to evaluate the effect of thermal aging on
the fracture toughness and the microstructural evolution in ferrite phase of shielded metal arc weld (SMAW) and
gas tungsten arc weld (GTAW) of type 316L stainless steels. The resistance to ductile crack extension of aged
welds was lower than that of unaged welds. For the GTAW the effect of aging temperature on the reduction rate
of the fracture toughness, which may be due to relatively high ferrite content of the weld, was observed. The
behavior of microstructural evolution of the welds was relatively similar to that of the cast austenitic stainless
steels. This result suggested that the research results on the microstructural evolution of cast austenitic stainless
steels could be applied to the evaluation of austenitic stainless steel weld metals.
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Table 1 Chemical composition of the test materials.,

mass%.

Weld C Si Mn P S Ni Cr Mo N

SMAW  0.014 0.42 1.63 0.015 0.003 1176 19.50 2.25 0.066

GTAW  0.016 0.44 1.46 0,010 0.015 11.83 1996 2.80 0.048
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Fig.1 Schematic of specimen position in the welds.
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Fig.2 J-R curves of SMAW.
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Fig.3 J-R curves of GTAW.
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Table 2 Averaged fracture toughness J1.5

Materials | 300°C-30000h | 320°C-30000h | 350°C-30000h
SMAW 209 kJ/m? 197 kJ/m? 203 kJ/m?
GTAW 373 kdim? 323 kd/im? 265 kJ/im?

Table 3 Normalized fracture toughness J1.5

Materials 300°C-30000h | 320°C-30000h | 350°C-30000h
SMAW 0.76 0.72 0.74
GTAW 0.79 0.68 0.56
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Fig.4 Atom maps of the test materials, (a)Junaged SMAW,
(b)unaged GTAW, (c) SMAW aged at 350°C for 15000 h,
(d)GTAW aged at 350°C for 15000 h (e)GTAW aged at 400°C
for 2000 h
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Fig.5 Relationship between variation and aging condition.
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Fig.6 Relationship between number density of G-phase

precipitates and aging condition.
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