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o-phase precipitation in weld metal of austenitic stainless steels and its
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Abstract: Low-temperature conditions necessitate high toughness in the welded joints of austenitic stainless steel structures.
However, the impact toughness of the weld metal decreases significantly when using electrodes developed for SMAW under such
conditions. To address this issue, a comparative study was conducted on the structure and properties of the weld metal by selecting
welding electrodes with similar structures. The results indicate that the high Mo content in the weld metals post-welding triggers the
eutectic decomposition of some d-ferrite between the interdendrites during the cooling process: 6 — y' + o. This leads to the
formation of a mixed structure comprising d-ferrite, c-phase, and y' between the interdendrites. Consequently, this results in a
complete brittle fracture of the impact section when subjected to impact loading at low temperatures. The precipitation of a large
number of c-phase between the interdendritic regions during the deformation process makes it the preferential site for cracking.
This shortens the crack propagation path, diminishes the plastic deformation ability of the base material, and ultimately results in an
average absorbed energy of only 6.33 J at —196 °C. This is more than an 85% reduction compared to the low Mo weld metal impact
value at —196 °C. A small amount of §-ferrite did not reduce the low-temperature toughness of the weld metal; however,

precipitation of the o-phase can seriously deteriorate the weld toughness.

Highlights: (1) Explanation of the process of c-phase precipitation in the weld metal of austenitic stainless steel weld states.
(2) Explaining the role of o-phase precipitation in the reduction of low-temperature impact toughness in austenitic

stainless steel weld metals.
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Table 2 Chemical compositions of weld metals
' C Si Mn S P Cr Ni Mo Fe
St 0.030 0.55 6.20 0.0088 0.018 18.60 14.51 2.87 Rh
S2 0.033 0.64 6.60 0.0069 0.012 19.02 14.60 3.44 Rh
S3 0.039 0.63 5.98 0.0063 0.012 18.99 15.23 3.57 Rh
S4 0.031 0.46 5.98 0.0041 0.015 19.41 15.34 2.16 it
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Fig. 2 Schematic diagram of impact specimen
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Fig. 3 Mechanical properties test results. (a) tensile
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impact toughness
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Fig. 4 Microstructure of the weld metals. (a) S1; (b) S2;
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Interdendritic morphology of the weld metals of
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Table 3 EDS analyses of the points marked in Fig. 5

Fric g C Si Cr Mn Fe Ni Mo
A 1.32 0.72 23.60 7.54 49.34 11.42 6.06
B 1.53 0.69 26.24 6.60 47.97 9.00 7.97
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Fig. 6 Impact fracture morphologies of the weld metals of S2 and S3. (a) S2-a; (b) S2-b; (c) S2-c; (d) S3-a; (e) S3-b; (f)
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Fig. 7 Solidification path calculaed results of S2 and S3.
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Fig. 8 EBSD phase maps of S2 and S3. (a) EBSD
phase map of S2; (b) EBSD phase map of S3
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