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ABSTRACT: Sacrificial anode cathodic protection is one of the most important corrosion protection methods for deep-water
steel structures. The electrochemical performance of sacrificial anode in deep-water environment directly affects the protection
effect and service life of the facilities. By means of the cathodic protection test device and data acquisition/storage system
installed on the 1 200 m Deepwater test rack in the South China Sea, the free Running Test (FRT) was applied to study the
electrochemical performance of sacrificial anode under the 110 days cycle condition. Solution morphology, electrochemical
capacity, current efficiency and other performance of 3 kinds of composition Al-Zn-In-based sacrificial anodes were compared
under the environmental conditions in the South China Sea, providing a reliable reference for the cathodic protection design of
deepwater subsea engineering facilities.

It was found that the working potentials of all sacrificial anodes were activated rapidly, and the average working potentials
were —1.029 V (Ag/AgCl/ seawater, the same below), —1.033 V and —1.098 V, and the electrochemical efficiencies were 81.62%,
78.02%, 87.90% respectively. The open circuit potential (OCP) and electrochemical efficiency of the No.3# sacrificial anode
met the cathodic protection design of UNE-EN 12496-2013 standard. Compared with the short-term Galvanostatic Test (GST) in
a simulated deep water environment, the electrochemical efficiency of sacrificial anodes with the same composition has been
reduced by 15.13%, 18.87% and 8.14% in the 110-days cycle FRT respectively. The long-period FRT is closer to the anode
actual service condition, which could provide reliable reference for the cathodic protection design parameters of deep water.
Compared with the No.1# and 2# sacrificial anode, the In element content of the No.3# anode was doubled, resulting in a more
negative working potential, grain refinement in the dissolved region and higher electrochemical efficiency. However, local
undissolved areas were found on the surface of the No.3# anode. The results shown that the In element content has limited effect
on improving the corrosion morphology of Al alloy anode surface.

KEY WORDS: off shore facility; deep-water corrosion; cathodic protection; sacrificial anode; electrochemical performance;
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Tab.1 Deepwater anodes composition
Samples Zn In Si Fe Cu Other Al
1 5.3393 0.0177 0.1150 0.030 7 0.000 1 0.006 8 94.490 4
2 3.7957 0.0197 0.022 3 0.026 7 0.000 1 0.006 5 96.129 0
3 5.236 3 0.043 7 0.1243 0.029 0 0.000 9 0.006 7 94.559 1
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Fig.1 Surface photo of anodes for
FTR test in deepwater environment
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Fig.2 Photo of the structure of the
anodes and the protected cathodes:
a) before tesr; b) after test
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Fig.4 Sacrificial anode OCP changes with time: a) 1# anode; b) 2# anode; c) 3# anode
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Tab.2 Electrochemical properties of 3 kinds of anodes under different experimental conditions

Test conditions Samples Working potential/V CE;T;@%K?EQ?}) El:&:fﬁ:ﬂ?;}; al
1 —1.042- -1.097 2 696.6 94.04
Normal temperature 2 ~1.021--1.091 2651.6 91.50
and pressure
3 -1.037--1.098 2 697.0 94.10
1 —0.898--1.085 27743 96.75
Simulated deep-water 2 -0.917--1.086 2 806.8 96.89
3 -0.917- -1.095 2 753.7 96.04
1 —0.942--1.102 23403 81.62
Actual deep-water 2 —-0.928- -1.109 2260.4 78.02
3 -0.911- -1.098 2 508.3 87.90
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