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Abstract: This paper conducts a failure analysis on the corrosion phenomenon of welded B10 Cu-Ni alloy elbows used in
marine applications. Through low-magnification observation, metallographic analysis, and electron probe microanalysis, it is
found that the primary cause of corrosion failure in the B10 Cu-Ni welded elbows is seawater erosion corrosion. Under the
action of seawater erosion, the protective oxide film (Cu,0) on the copper-nickel alloy is damaged, leading to intergranular
corrosion of the material. As the corrosion progresses to a certain extent, the grains begin to detach under the erosive force of
the seawater. Due to the protrusions (weld reinforcement) at the bottom of the weld and the turbulent flow field with higher

velocities at the elbow, the areas close to the weld seam in the elbow are identified as critical zones prone to erosion corro-
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sion. Furthermore, the self-corrosion current in the heat-affected zone (HAZ) of the B10 alloy is greater than that in the weld

region and the base material, indicating a higher corrosion rate and a greater tendency for corrosion failure to occur in the HAZ.
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Tab.1 Chemical composition analysis of B10 tube (wt. %)

Fedh Zn Pb P S Mn Fe Ni C Cu

1# 0.014 <0.001 <0.002 0.0034 0.78 1.70 10.80 0.0038 #xf:
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Fig. 1 Macroscopic photographs of corrosion and perforation in

welded elbow pipes
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Fig.2 Macroscopic photograph of the inner wall of the corrosion sample splitted
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Fig.3 Morphology of corrosion pits and holes in Area 3#
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Fig. 5 Metallographic structure of welded joint 1#
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Fig. 6 Surface composition mapping of welded elbow pipe
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Table2 Surface chemical composition of welded elbow pipe (wt. %)

Ni Fe Mn K Si C O Cl Cu

192 045 026 020 024 19.18 22,67 027 54.80
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Fig. 7 Microscopic morphology of corrosion pits on welded elbow pipe
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Table 3 Chemical composition of the deep corrosion pits (wt. %)

JJ%Z C O Si P S CI Mn Fe Ni Cu

1 2351 50.00 / 0.19 047 055 / 521 551 1457
2 581 949 0.05 0.10 0.10 023 083 8.62 898 65.79
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Fig. 8 Microscopic morphology of shallow corrosion pits on a welded
elbow pipe
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Table 4 Chemical composition of shallow corrosion pits (wt. %)

JLE C 0 Mg Al Si P S
3 13.06 4414 041 062 125 094 048
4 287 820 — — — — —

TR Cl Ca Mn Fe Ni Cu
3 438 0.38 0.23 7.55 4.98 21.58
4 0.36 0.69 1.90 10.39 75.59
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Fig. 9 Multi-channel electrode system diagram
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Fig. 10 Electrochemical testing of B10 welded joint in simulated

seawater at 25 °C
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