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rameters as the open circuit potential, closed circuit potential, actual capacity, current efficiency and dissolution morphology of
four anodes were studied by constant current method and the electrochemical performance further analyzed with electrochemical
impedance spectroscopy (EIS) and potentiodynamic polarization curves. Furthremore, the current efficiency of Al-Zn-In,
Al-Zn-In-Mg-Ti, Al-Zn-In-Mg-Ga-Mnanodes was higher than 88.92%, and the closed circuit potential ranged from—0.96 V
to—1.10 V, which could meet the needs of protection of carbon steel in cyclic immersion condition. In addition, the anodic dis-
solution morphology of Al-Zn-In-Mg-Ga-Mn was even, while the morphology of Al-Zn-In and Al-Zn-In-Mg-Ti was slightly
worse. The current efficiency of Al-Zn-In-Cd anode was only 80.95%, and the closed circuit potential ranged from —0.93 V to
—1.10 V. Moreover, the dissolution morphology was uneven, and the electrochemical performance was worst in this study. This
can be demonstrated that the corrosion products attached to the anode surface are repeatedly dehydrated in atmosphere, thereby
forming shell, which leads to the positive shift of potential, and thus hinders the further activation of the anode. The results show
that electrochemical performance of four anodes under cyclic immersion condition may be ranked as the following order:
Al-Zn-In-Mg-Ga-Mn>Al-Zn-In>Al-Zn-In-Mg-Ti>Al-Zn-In-Cd, and the first three anodes are suitable for cathodic protection of
marine structures in cyclic immersion condition.

KEY WORDS: aluminum alloy; sacrificial anode; electrochemical performance; cyclic immersion; wet-dry cycle; marine cor-

rosion
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Fig.1 Metallographic morphology of four anodes
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Fig.2 Change curves of the closed circuit potential of four anodes under cyclic immersion condition: a) immersed and
electrified for 0.5 h in seawater; b) immersed and electrified for 23.5 h in seawater
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Tab.1 Actual capacity and current efficiency of four anodes
under cyclic immersion condition
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Fig.3 Themorphology of four anodes in the 4™, 9", 16™, 18" immersion cycles
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Tab.2 Fitting parameters of EIS for fouranodesinthe 4™, 9™, 16", 18™ immersion cycles

FH#% Ji] 32 RJ S /Qf R 1074.13:11 Ral | L
w0 o @en) 0, @) 10T, @an) dten)
4 3.90 21.17 0.64 7.02 19.56 0.89 28.79 5.80
9 7.75 211.40 0.65 6.20 29.55 0.92 34.28 7.51
Al-Zn-In
16 8.04 31.86 0.54 25.76 2.27 0.99 88.05 35.45
18 8.09 21.83 0.58 26.03 2.49 1.00 101.00 49.95
4 2.72 11.49 0.52 9.98 35.50 0.81 156.10 62.90
9 8.00 69.67 0.68 13.74 10.35 0.86 219.90 —
Al-Zn-In-Cd
16 26.05 5.22 0.63 10.20 17.26 0.85 183.50 —
18 28.79 3.97 0.66 8.65 16.79 0.86 189.40 —
4 5.35 1.40 0.79 224.40 15.21 0.79 472.30 442.10
Al-Zn-In- 9 2.51 1.97 0.77 99.35 17.09 0.81 310.20 248.50
Mg-Ti 16 5.86 1.58 0.82 168.60 15.89 0.82 231.20 50.30
18 5.90 1.99 0.79 165.40 27.80 0.79 169.90 35.48
4 1.93 1.04 0.82 99.91 8.33 0.24 886.50 240.50
Al-Zn-In- 9 1.61 1.26 0.81 214.30 14.64 0.35 401.70 234.40
Mg-Ga-Mn 16 4.00 1.75 0.74 90.38 16.29 0.25 390.10 164.50

18 2.91 1.70 0.74 73.88 20.62 0.20 361.70 105.90
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PR 24 Bk B/ (mV-dec™) Eeon(vs. SCE)/V Jeor/(107*A-cm ™)
Al-Zn-In 155.65 -1.12 2.73
Al-Zn-In-Cd 193.35 —1.02 3.27
Al-Zn-In-Mg-Ti 127.54 —1.10 2.90
Al-Zn-In-Mg-Ga-Mn 127.21 -1.11 2.77
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Fig.7 The activation and dissolution mechanism of four anodes under cyclic immersion condition:
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