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Optimizing Welding Condition for Excellent Corrosion Resistance in Duplex Stainless
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Synopsis :

The corrosion resistances of the girth-weld heat-affected zone(HAZ) of duplex stainless
steels were discussed regarding their use in pipeline for hostile environments. A
girth-weld HAZ with a slow cooling rate welding procedure and a high pitting index
base metal(Cr+3Mo+16N=34.0%) showed the same corrosion resistance as the base
metal, even in the as-welded condition. The slow cooling rates are considered to be
effective as a result of giving sufficient time for the diffusion of chromium to heal the

chromium depleted area adjacent to chromium nitride precipitates.
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Optimizing Welding Condition for Excellent Corrosion
Resistance in Duplex Stainless Steel Linepipe
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Synopsis:

The corrosion resistances of the girth-weld heat-affected zone
(HAZ) of duplex stainless steels were discussed regarding their use
in pipeline for hestile environments.

A girth-weld HAZ with a slow cooling rate welding procedure and
a high pitting index base metal {Cr+3Mo+16N>>34.09%) showed
the same corrosion resistance as the base metal, even in the as-welded
condition. The slow cooling rates are considered to be effective as a
result of giving sufficient time for the diffusion of chromium to heal

the chromium depleted area adjacent to chromium nitride precipitates.
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Fig. 1 Relationship between Ni content and changes in austen-
ite fraction of the weld metals due to weld reheat
thermal cycle, and short-time solution treatment
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Fig. 2 Schematic showing of the cross welded area in a
DSAW-UOE pipe resulting from a seam and a girth
weldings
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Photo 1 A microstructure of the shielded metal arc girth weld
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Table 1 Corrosion test results of DSAW pipe

Results
Test Solution Condition
, Base metal i Seam weld
Intergranular corrosion 65% HNO, Boiling, 48 h, 5 times 0.175g/mt-h | 0.181 g/m?:h
Chloride SCC 90 g/l NaCl+1 bar CO, Boiling, 500 h No cracking | No cracking
Pitting corrosion 1095 FeClz-6 H.O 30°C, 24 h No pitting I No pitting
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Fig. 4 Influence of welding heat input on the pitting corrosion
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Fig. 5 Influence of cocling rate on the pitting corrosion resis-
tance of the simulated HAZ
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Fig. 6 Relationship between weight loss and the austenite
fraction (An rearrangement of Fig. 5 by means of the
austenite fraction)
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Photo 4 An example of electron micrograph and EELS analyses of precipitates found in the
both simulated HAZs cooled rapidly and slowly
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Fig. 7 Influence of temperature and partial pressure of HeS on

the SCC susceptibility

Results of corrosion tests under the atmospheric pressure

Seamless pipe \
UQE pipe girth joint

Pipe body \ Girth joint |
Intergranular corrosion ! ASTM A262 Prac. E (CuS0,-H:S04) ! No IGC* No IGC ‘ No IGC
test | ASTM A262 Prac. C (Boiling 65%HNOy) | No IGC (0.151)% | No IGC (0.171) } No IGC (0.182)
Pirti e 10%FeClyBHLO, 30°C, 24 b No pitting | No pitting ! No pitting
1n; OITOS10! ]
1HHing © "I | 150 g/ NaCLO.1 MPa CO,, 80°C, 28d : No pitting No pitting | No pitting

CF-SCC U-bend test | CaCl, {pH=86.5), 100°C, 500 h

No cracking No cracking No cracking

C0,-8CC U-bend test , 90 g/l NaCl-0.1 MPa CO, Boiling, 28 d

No cracking No cracking No cracking

# Tntergranular corrosion, ** weight loss{g/m®-h}
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Fig. 8 Influence of chloride concentration on SCC suscepti-
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