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A Study of Weld Fusion Zone Phenomena in Austenitic Stainless Steels(2)
- Effect of Nitrogen on Microstructural Evolution and Hot Cracking Susceptibility of GTA Welds in STS 304 -
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Abstract

The purpose of the present study was to investigate weld metallurgical phenomena such as primary
solidification mode, microstructural evolution and hot cracking susceptibility in nitrogen-bearing
austenitic stainless steel GTA welds. Eight experimental heats varying nitrogen content from 0.007 to
0.23 wt.% were used in this study. Autogenous GTA welding was performed on weld coupons and the
primary solidification mode and their microstructural characteristics were investigated from the fusion
welds. Varestraint test was employed to evaluate the solidification cracking susceptibility of the heats
and TCL(Total Crack Length) was used as cracking susceptibility index. The solidification mode shifted
from primary ferrite to primary austenite with an increase in nitrogen content. Retained delta ferrite
exhibited a variety of morphology as nitrogen content varied. The weld fusion zone exhibited duplex
structure (austenite+ferrite) at nitrogen contents less than 0.10 wt.% but fully austenitic structure at
nitrogen contents more than 0.20 wt.%. The weld fusion zone in alloys with about 0.15 wt.% nitrogen
experienced primary austenite + primary ferrite solidification(mode AF) and contained delta ferrite
less than 1% at room temperature. Regarding to solidification cracking susceptibility, the welds with
fully austenitic structure exhibited high cracking susceptibility while those with duplex structure low
susceptibility. The cracking susceptibility increased slowly with an increase in nitrogen content up to
0.20 wt.% but sharply as nitrogen content exceeded 0.20 wt.%, which was attributed to solidification
mode shift from primary ferrite to primary austenite single phase solidification.
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Table 1 Chemical compositions of the experimental heats

Heat Alloying element or | N Cr?q/

C|Si|Mn| P| S| Cr|Ni|Mo|Cu|Ti|Nb| N Nix
N11 (0.060[0.659]0.393/0.021|0.003[19.35| 8.44 [0.496(0.398{0.017[<0.01/0.048/21.22/10.96) 1.92
N121(0.061]0.633|0.34610.029|0.003[19.32| 8.38 |0.496)0.3990.020;<0.01| 0.16 |21.23|12.59| 1.68
N13{0.057/0.650/0.345/0.023/0.003{19.32| 8.51 {0.480[0.40010.009}<0.01] 0.23121.18/13.53] 1.55
N2110.057]0.743} 1.66|0.023]0.005/18.83| 7.93| - - 10.039| 0.08 [0.007}20.06{ 9.80 | 2.06
N2210.050[0.770) 1.66]0.021/0.004/18.60] 8.01| - - 10.032| 0.11]0.035/19.85/10.12| 1.98
N2310.05010.761] 1.67|0.024/0.00518.54| 8.02| - - 10.032! 0.1010.070119.78|10.63| 1.88
N2410.050[0.763| 1.66]0.021|0.004{18.51| 7.98 | - - 10.020/0.012{ 0.15119.71]11.87| 1.66
N2510.0490.762| 1.65(0.020/0.003|18.35| 7.86| - - 10.013] 0.08|0.22(19.53|12.57| 1.56
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Fig. 1 Schematic of longitudinal varestraint test
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Fig. 2 Microstructures of GTA welds in nitrogen-
bearing stainless steels.
AIN21(0.007% N), B) N22(0.035% N)
C) N23(0.07% N)
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Fig. 3 Microstructures of GTA welds in nitrogen-
bearing stainless steels.
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Fig. 4 Microstructures of GTA welds, mixed acid.
A) N12(0.16% N), B) N24(0.15% N)
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Fig. 6 Microstructure of GTA weld fusion zone in
alloy N25 showing three types of grain
boundaries{arrow 1: solidification grain
boundary, arrow 2: migrated grain boundary
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Fig. 7 EDS analysis on solidification structure in
alloy N25 GTA weld fusion zone 1:matrix,
2:subgrain boundary and 3:solidification grain
boundary
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Fig. 16 Schematic pseudo-binary diagram
illustrating the effect of composition on
austenite-ferrite morphology in austenitic
stainless steel welds
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Fig. 17 Solidification cracks observed in alloy N24
and N25 GTA welds
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Fig. 18 HAZ liquation cracks observed in alloy
N25 GTA weld.
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