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Abstract

In this study, effects of solidification modes (primary 6-ferrite, primary y-austenite) on the pit
initiation and propagation in the 304L and 316L austenitic stainless steel weld metals were
investigated. The solidification mode of weld metal was controlled by the addition of nitrogen to
Ar shielding gas. Through the electrochemical experiments (potentiodynamic anodic polarization
and potentiostatic time-current transient test) and metallographic examination (microstructure
and elemental distribution), the following results were obtained. The more the volume content
of nitrogen in the shielding gas were, the lower critical current density for passivity was
observed. In comparison with weldments solidified through the primary O-ferrite solidification
mode and the primary y-solidification mode, the former showed higher critical pitting potential
and a longer incubation time for stable pit initiation than the latter. However, in the pit
propagation stage the former exhibited a faster dissolution rate than the latter. These results
were believed to be related to the distribution of alloying elements such as Cr, Mo, Niand S
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Table 1. Chemical composition of austenitic stainless steels (wt%)

Element . .

Steel C Si Mn P S Cr Ni Mo Fe
STS 304L 0.02 0.59 1.04 0.02 0.01 18.19 10.18 - bal.
STS 316L 0.02 0.57 0.83 0.02 0. 002 17.18 12.14 2.47 bal.
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Table 2. GTA welding conditions

Variable Parameters

Invariable Parameters
Current 80A
Voltage 12V
Travel Speed 350mm/min.
Heat Input 164. 6]/mm

Shielding Gas Pure Ar
Composition 9% Ar + 5% N2
Flow rate : 10! /min) 90% Ar + 10% N2

Table 3. Chemical composition of artificial sea water

Compound NaCl MgCl, Na,SO, CaCls.

KCl NaHCO; KBr H:BO, NaF

Content
X X . 1.1
/) 24.530 5. 200 4. 090 60

0.695 0.201 0.101 0.027 0.003
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Table 4. Parameters for potentiodynamic polarization
test

Reference Electrode Saturated Calomel Electrode

Counter Electrode

Carbon Electrode

Starting Potential -0. 4VSCE

Scanning Rate 0. 5mV/sec

Final current density 10mA/cm?
Temperature ambient
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Table 5. Solidification mode and retained O-ferrite in 304L and 316L austenitic stainless steel welds -

Pure Ar 95% Ar + 5% N2 90% Ar + 10% N2
Shielding gas
304L 316L 3041 316L 3041 316L
Retained O-ferrite contents 7.19 6.7 1.23 1.01 0 0
Retained O-ferrite morphology Vermicular Interdendritic -
Solidification mode Primary O-ferrite Primary y-austenite Fully austenite

(a)

(b)

°l

a) Primary 0-Ferrite Solidification Mode (100% Ar)
b) Primary y-Austenite Solidification Mode (Ar+5% N2)
¢) Fully Austenite Solidification Mode (Ar+10%N2)

Fig.1 The Microstructure of 304L austenitic stainless steel weld metal
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