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A Study on Galvanic Corrosion of Cu-30 Ni in Sea Water
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Abstract

Galvanic interactions among cupronickel 30

% and other metals have been studied in synthetic sea water saturated

with air by weight loss and galvanic current measurements. The results show that the potential difference of unco-

upled dissimilar metals is a poor indicator of the rate of galvanic corrosion of coupled dissimilar metals. Galvanic

series for Cu-30 Ni based on galvanic current data have been established. Effects of area and galvanic current of

three-metal-couple (Cu-30Ni, SM45, Zn) have been also studied. This measuring method of three metal-coupling

galvanic current is considered useful in the study of cathodic protection and three-metal-coupling galvanic corrosion.
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Table 1 Chemical Composition of Materials. (%)
C si | Mn P S Ni | Cr ‘ Mo | Cu | Al } Co
STS 316 0.()7‘ 0.45‘ 1.69 0.027 0.012 11.04 16.97 2.16 0.33 0.030, 0.18
STS 316L 0.03 0.45| 1.82 0.025 0.020] 11.48 17.14] 2.20 0.27 0.066| 0.19
STS 304 0.05 0.35 1.23 0.029 0.019 9.96) 18.62 0.15 0.34 0.012] 0.15
STS 416 0.10 0.46‘i 1.07 0.022 0.106] 0.12 13.20 0.03 0.03 0.017 -
SM 43C 0.46 0.27 0.65 0.001 0.012] 0.14 0.13 0.04 0.15 0.013 -
ASERA 54 0.16 0.32 1.39 0.02 0.03 — — — 0.27 0.025 -
Sn Pb Al Fe Mn Ni Zn Cu
Cu—10Ni — — tr 1.30 0.63 9.16 tr Bal
Cu—30Ni - — - 1.09 0.68 | 2731 — Bal
Naval Brass 0.87 tr — tr — — Bal 57.24
Leaded Brass 0.24 1.63 0.1 0.22 — 0.13 Bal 61.34
Free Cutting Brass 1.28 2.93 0.16 0.44 — 0.31 Bal 58.15
Zn-Pb Bronze 6.67 4.85 | — — — 0.21 3.98 Bal
Al Bronze tr — 1.06 1.18 0.64 — Bal 62.27
Mcnel — — tr 1.40 1.11 62.86 tr Bal
Cr ’ Al i Fe Mn 1 Si Mg Cu
Al6061 " 025 | Bal tr 052 | 06l 1.0 0.25
Al2024 | — \ Bal 0.25 0.59 tr 1.31 4.4
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Fig. 1 Schematic Diagram of the Experimental Setup
E; : Cu-30Ni Alloy
E; : Coupling Metal
R : Reference Electrode(S.C.E.)
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Fig. 2 Schematic Diagram of the Three-metal Coupling
Galvanic Current and Potential Measurement

System.

E1, Es, E3 : Coupling Metal

¢, : Galvanic Potential Output
It.1,2 : Galvanic Current QOutput
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Table 2 Corrosion Potentials of Uncoupled Metals before
(&%) and after(gE.,,) the Galvanic Current
Test, and Corrosion Potentials of Coupled
Metals with Cu—~30Ni Alloy.

(mV. vs. SCE)

Metal Fore - i
Zn -1080 -1057 -1050
Al 6061 —730/-735| -740 =725
Al 2024 —670/-620, -800 -610/—695
ASERA 54 ~580/-685| -716 -670/-695
SM 43C -560/-640| -720 --580/-700
Mn Bronze -320/-290; -280 -270
Free Cutting Brass | —275/-265| -265 -270/-260
Naval Brass -255/-250, —243 -239
Cu -240 -240 —-240/-255
Leaded Brass -230 -264 -230/-260
Cu-10Ni =216 -241 —220/-240
Gun Metal -200 -200 -203
Zn-Pb Brass -195 -195 -200
Ni -180 -165 -210/-220
Monel -205 -195 -214/-227
STS 416 -510 -540 ~515/-540
STS 304 -40/-90 | -30/-125 | -170/-200
STS 316 -60/-35 | -10 -180/-214
STS 316L -60/-36 | -80/-60 | —215/-205
7 o
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Table 3 Weight Loss Data of Metals, uncoupled(ro)
and coupled(r,) with Cu-30Ni Alloy.

(mdd)
Metal o Ta r,—Tp
6061 3.0 35 32
2024 11.7 34.5 19.7
SM 43C 123 247 124
ASERA 54 111 269 158
Naval 8.8 19 10.2
Mn Bronze 11.8 15.5 37
Cu-10Ni 6 11 5
3161 0.9 — —
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Table 4 Galvanic Series for Cu-30Ni Alloy in Synthetic:
Sea water based on the Galvanic Current
Density (i,) and Corrosicn Potential Difference

(&
(mV vs SCE, uA/jem?)
Metal do= Metal .
Coupled | (Geor—05 ™) Coupled lg
STS 316 154/179 | 316 -12
STS 316L 154/178 | Monel -11
STS 304 174/124 | 304 -0.84
Ni 24 Ni -0.26
Zn-Pb Brass 19 316l -0.24
Gun Metal 14 Gun Metal -0.2
Monel 9 Zn-Pb Brass | -0.15
Cu-30Ni 0 Cu-30Ni 0
Cu-10Ni -2 Cu-10Ni 0.16
Leaded Brass ~-16 Free cutting 1.8
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STS 416 ‘ ~296 Nava!l Brass 8.5
SM 43C I =346/-426| Al 2024 23.2
ASERA 54 | -366/-426] Al 6061 2.9
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Fig. 6 Effect of Area Ratio for the Galvanic Current and Galvanic Potential in three Metal Galvanic

Couples(Cu—30Ni, ASERA 54, Zn)
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