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Abstract: The effects of the sterile seawater and natural seawater on corrosion of Zn-Al-Cd sacrificial
anode were investigated by using electrochemical impedance spectroscopy (EIS), scanning electron
microscopy (SEM) and fluorescence microscopy. The results show that the corrosion potential of
sample in the sterile seawater is lower than that in the natural seawater at the beginning of experi-
ment, but at the late of experiment, the result is opposite. The EIS results show that the R value in
the sterile seawater is much smaller than that of anode in natural seawater, which is because in the
natural seawater, a layer of biofilm through the metabolic activities of bacteria is formed on the sample
surface. The biofilm could prevent the sample from contacting with seawater directly and slow down
the corrosion rate. SEM images reveal the presence of localized corrosion morphologies on the sample
in the sterile seawater, while in natural seawater, the corrosion is much uniform. Fluorescence mi-
croscopy results show that the bacteria uniformly attach to the sample first, and then reunite uneven.
About fourteen days later, the local biofilm forms, and it detaches from the sample finally because of
the exhaustion of nutrients.
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Fig. 1 Time dependence of E,, for sample

in sterile seawater and natural seawater
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Fig. 2 Nyquist plots for samples in sterile seawater
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Table 1 Results of the fit with the EIS model for the sterile seawater
Time/d Ci/(F+«m %) Ri/(Q * cm?) Ca/(Fem %) R./(Q + cm?)
1 1.204 X106 401.7 7.616X1073 590. 3
5 5.325X10°¢ 86. 05 3.143 X106 198. 3
9 2.281 X108 112.8 5.036X10°6 187.5
14 4.826X10 8 131.2 2.312X10°¢ 235.0
17 3.057 X108 118.4 2.170 X106 263.6
23 4,096 X108 178.5 1.657 X106 214.5
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Fig. 3 Nyquist plots for samples in natural seawater
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Table 2 Results of the fit with the EIS model for the natural seawater

Time/d Qi/(F+m™ %) n Ri/(Q + cm?) Qa/(F+m™%) ny R /(Q * cm?)
1 1.027X10° 0.82 440.7 3.831x10* 0.7727 9561
5 7.66X10° 0. 814 875.5 2.801 X103 0.4198 7925
9 2.575X107° 0.7072 715.9 6.042 X103 0.6358 1883
14 6.952>X10° 0. 6065 1093 8.682x10° 0. 7555 2819
17 9.35X10°° 0.5873 1379 2.231 X102 0. 8861 2169
23 1.103X10* 0. 5458 389. 6 4,122X10°6 0.9939 2170
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Fig. 4 Equivalent circuits of the impedance diagrams of

the sample in the sterile seawater (a) and natural seawater (b)
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Fig.5 SEM morphology of the Zn-Al-Cd samples immersed in the sterile seawater

for 9 days (a) and 17 days (b)
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Fig. 6 SEM morphology of the Zn-Al-Cd samples immersed in the natural seawater

for 9 days (a) and 17 days (b)
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