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A Study on Alloy Design for Improving Pitting Resistance
of Austenitic Stainless Steel Weld under Ocean Water Atmosphere

K.I. Byun*, H.S. Jeong** and S.C. Seong*
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Abstract

The base metal and weld metal of alloy designed austenitic stainless steels were electrochemically tested in
artificial sea water. Pitting resistance of 14 different stainless steels was evaluated by measuring pitting
potential. The effect of alloy element to pitting potential was evaluated by changing chromium, nickel, sulfur
content. The site of pitting initiation was observed by optical microscope.

As a result of electrochemical test, pitting resistance of weld metal was higher than base metal, and rapidly
cooled weld metal has higher pitting potential than slowly cooled weld metal. In case of primary &-ferrite
solidification, pitting potential was increased, but residual d-ferrite was detrimental to pitting resistance.
Chromium was more effective to pitting resistance than nickel, and sulfur was very detrimental element to

pitting resistance.
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Table 1 Chemical Composition of Vacuum Melt Stainless Steels
Specimen Elements, wt%
No.
C Si Mn P S Cr Ni Al |H{ppm)}O(ppm) N | Cr./Ni,
1 0.056 | 0.510 ¢ 0.990 | 0.001 | 0.008| 14.16| 12.63| 0.020 3.1 42 0.007| 0.996
2 0.058 | 0.510| 0.990 { 0.001 | 0.009| 15.201 11.66] 0.020 3.1 46 0.009| 0.145
3 0.056 | 0.510 | 0.980 | 0.001 | 0.008| 16.13| 10.66| 0.023 3.8 36 0.010| 1.317
4 0.056 | 0.500 | 0.970 | 0.001 | 0.009| 16.67| 10.14 | 0.023 3.0 39 0.008| 1416
5 0.063| 0.500 | 0.960 | 0.001 | 0.008| 17.18| 9.63 | 0.024 2.0 19 0.010| 1.494
6 0.060 | 0.510 | 0.980 | 0.001 | 0.008| 17.68| 9.17 | 0.023 2.5 40 0.009| 1.605
7 0.056 | 0.510 | 0.960 | 0.001 | 0.008 19.14| 7.65 | 0.017 2.8 43 0.008 | 2.029
A 0.060 | 0.520 | 0.970 ] 0.001 | 0.024| 14.26| 12.61 | 0.015 2.8 38 0.006 | 1.010
B 0.060 | 0.520 | 0.990 | 0.001 | 0.026| 15.22| 11.68| 0.016| 2.3 42 0.008| 1.145
C 0.060 | 0.520 | 0.980 | 0.001 | 0.026| 16.15| 10.7 | 0.017 2.6 28 0.007| 1.303
D 0.060 | 0.520 | 0.980 | 0.001 | 0.026| 16.67| 10.18{ 0.011 3.2 32 0.008 | 1.399
E 0.061| 0.520 | 0.990 | 0.001 | 0.026| 17.18| 9.68 | 0.017 2.8 34 0.007 | 1.496
F 0.060 | 0.520 | 0.980 | 0.001 | 0.026| 17.68| 9.17 | 0.015 2.4 40 0.009| 1.611
G 0.060 | 0.510 | 0.990 | 0.001 | 0.024| 19.30| 7.70 | 0.015 2.8 40 0.010| 1.997
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Table 2 Welding Condition
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Table 3 Condition of Electrochemical Test

Welding Method GTAW (D.C.S.P.) Potentiostat Eg&G 273
Travel Speed 25 cm/min Test Solution Artificial sea water
Welding Current 175 A Test Temperature 30+1C
) Reference Electrode | Saturated Calomel Electrode
Tip Clearance 3 mm
— . Counter Electrode Carbon Electrode
Shielding Gas Ar (15 1/min) Scan Rate 20 mV/min
Cooling condition Air Cooling Initial Potential -100 mV (open circuit)
Rapid Cooling Condition Time 15 min
Table 4 Chemical Composition of Artificial Sea Water
Compound | NaCl | MgCl, | Na.SO,| CaCl, KCl |NaHCO4 KBr | H:BO;| NaF
Content(g/1) | 24.530| 5.200 | 4.090 | 1.160 | 0.695 | 0.201 | 0.101 | 0.027 | 0.003
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photo. 2 Morphology of MnS in weld metal
(specimen A, x4000)

ASele He o AWRAL St Ane 2
B2 AP H2E AXZ A5 4 Yok Wk
H g3el ©d Mns7h 27 AU FAelH Tao
2 WA 94 ags £5 Asnol o8 Pada

o 71918t - A7} BART FAA g o] Zrtele
Ao Algdr}
33 2FA|Q WLz 2 ZAINS
4% AF A APUE FEHoR +3
o AA el Bt TN £HANe) FHHAS
vagezn gHAe Yhswd e T4
H3E 2AG A7) FAE 37 A E SR

Ox FAHA7 AAH o7 dHtE =
Fig. 2dl& 2A8 37 YA&Eo mE F
E vud Aotk Mg 5o vl& 583 A
A Y 25 ¢ 4 U
Photo 3% Photo 4+ A 8H No.A% &3 ¥ x4
g Ao AT Ao A AR A
Y w8 E 2T A9 MY 8PN HoEFH
WAL 251.04 pmP*elR 1, F33F A= 158.374
m?ol At o] ARl 2 RE FaA Ao Mg 7
S+ 2 EY A7) @A o]zt da, FAHAE
AR Yo nHEFE o EoldS ¢ F Uk o]
A F7he A "ol A E}E} A
YA Hao] Frtste] AR YA AA
ol &3 e EvEe] ¢ WA B4tso] F4A
A7F EotAle Ao AlRET

o,
ofk
o
i
454
0

.12,
°
o}d 4o

MnS-H,O-Cl-Alell X} H9-pHe] #7
of VERT. o] ZolA MnSe| &3
& 4 9lth. & o] MnSE pH 4.8914] 13.8

KREBIEHEEIE $174 HOI, 19994 108

Photo. 3 Slowly cooled specimen A (x1000)

Photo. 4 Rapidly cooled specimen A (x1000)
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