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Influence of Induction Current on Corrosion of Copper
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ABSTRACT: This paper aims to study the corrosion trend of copper armor layer of submarine cable under induced current in
simulated seawater environment. The corrosion rate of copper armor layer varying with time under different induced current
densities was studied by immersion experiments. The surface morphology of copper armor after corrosion was observed by
scanning electron microscopy. The products of copper armor after corrosion were analyzed by X-ray diffraction. Finally, the

surface double layer structure of copper armor after corrosion was studied by AC impedance method. It can be seen from
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experiments that the existence of induced current could accelerate the corrosion of copper armor to a certain extent in simulated

seawater environment. With the prolongation of immersion time, the corrosion rate increased first and then decreased, and

gradually tended to be stable. In the peak case, the corrosion rate increased by 4~7 times; and in the stable stage, the corrosion

rate increased by 3~5 times. With the increase of induction current density, the corrosion rate of copper armor increased

gradually, and had a non-linear relationship with induction current density. By fitting the data, the corrosion rate was

proportional to the 0.5 power of induction current density. X-ray diffraction analysis showed that the main corrosion product of

copper armor in simulated seawater was Cu,O. The corrosion rate caused by induction current is about 0.16%~2.03% of the

equivalent DC current corrosion rate. The induced current flowing through the copper armor mostly passes through the charging

and discharging of the interface electric double layer capacitor, and no substantial corrosion reaction occurs. A small part of the

induced current leads to corrosion through polarization resistance.
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Tab.1 Chemical constituents of copper for experiment
wt%

Cu Zn Mn Cr Ni Sn Al Fe P Pb
99.96 0.003 <0.001 <0.001 0.001 0.002 0.004 0.020<0.002 0.002
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Tab.2 Composition of seawater simulated solution
g/L

NaCl KC1 MgCl, CaCl, Na,SO, NaHCO;
18.475  0.548 3.579 0.803 3.668 0.236
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Fig.1 Schematic diagram of experimental device for the effect
of induced current on corrosion of copper armor
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Fig.2 Corrosion rate under different current densities and time
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Fig.3 Relationship between corrosion rate and current density in the early and late stages of corrosion
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Tab.3 Parameters of corrosion fitting formula

Time/d a b c
7 0.018 74 0.0359 0.30
14 0.018 76 0.0043 0.52
23 0.010 54 0.0036 0.53
30 0.010 58 0.0075 0.46
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Fig.4 Microscopic corrosion morphology of copper armor under different induced current densities and time
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Tab.4 Theoretical/actual corrosion rate of copper armor under different induced current densities

Equivalent DC current

Actual corrosion rate/Equivalent
corrosion rate/(mm-a")

. 1y (
Actual corrosion rate/(mm-a ) DC current corrosion rate)/%

Induced current density/(A-m?)

10 4.49 0.023~0.091 0.51~2.03
30 13.46 0.027~0.12 0.20~0.87
60 21.92 0.042~0.14 0.16~0.53
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Tab.5 Impedance fitting parameters of copper armor
under different induced current densities

Time/d J/(A'm2) Re/(Q-cm’) — Qdﬂz -
Y/(x107Q -cm “-s") n
0 1871 0.8088 0.4623
\ 10 6556 3.950 0.4499
30 10 920 21.50 0.8815
60 23670 4.820 0.8483
0 835.9 0.4654 0.5995
10 589.6 0.306 0.7938
7 30 788.6 53.24 1.0000
60 12710 2.923 0.6602
0 611 4.552 0.3811
i 10 1303 0.4223 0.5766
30 1905 50.31 0.9991
60 27 040 19.36 1.0000
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