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Fig.1 Backscattered electron image of aluminum coating

cross-section after corrosion
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Fig.2 EPMA analysis for aluminum coating cross section

showing the intensities of Al,O,Cl and Fe signals
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Fig.3 Polarization curve of as-sprayed aluminum coating

in 3.5% NaCl solution
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Fig.4 Impedance spectra of aluminum coating for dif-

ferent exposure times in 3.5% NaCl solution (a)

Nyquist plots; (b) |Z| plots and phases plots
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Fig.5 Equivalent circuits for impedance spectroscopy of

the aluminum coating in 3.5% NaCl solution

(a) 0∼5 h, (b) 5 h∼29 h, (c) 29 h∼161 h, (d) 161 h

∼221 h
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Table 1 Equivalent circuit parameters for aluminum coating in 3.5% NaCl solution

3 h 5 h 29 h 77 h 161 h 197 h

R1 10.4 11.13 10.49 11.24 11.54 11.15

Y0/10−6Ω−1·cm−2s· −n 7.373 10.94 43.69 – – –
Qc

n 0.8867 0.8699 0.7686 – – –

Cc/10−6F – – – 2.211 1.929 1.982

Rl,p1/Ω 14.98 29.3 4.96 6.45 4.98 5.95

Y0/10−6Ω−1·cm−2s· −n – – 151.5 163.3 177.8 178.8
Qv

n – – 0.529 0.563 0.542 0.544

Rl,p2/Ω – – 5328 9449 14160 8569

Y0/10−6Ω−1·cm−2s· −n 224.8 197.4 – – – –
Qa

n 0.391 0.425 – – – –

Ca/10−6F – – 32920 6791 3118 1846

Rt/Ω 2332 2478 25520 6407 9421 9087

O Y0/10−6Ω−1·cm−2s·−n 727 2128 – – – 128(�zG/VHT53�9|~O,�E�= Qa ~
n �v� 1O,�E�= Qa %e�
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161 h �|~x*��|~�$�uLz�9�$�
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ELECTROCHEMICAL CORROSION BEHAVIORS OF

ARC-SPRAYED ALUMINUM COATING

LIU Cun, ZHAO Weimin, AI Hua, WANG Yong, DONG Lixian

School of Mechanical and Electrical Engineering, China University of Petroleum, Dongying 257061

Abstract: Aluminum was deposited on steel using arc spraying, and the corrosion electrochemical behavior

of the coatings in 3.5% NaCl aqueous solution was investigated. The electron probe micro-analysis (EPMA)

was used to examine composition profiles of the coating cross section after 30 day immersion. The results

showed that the corrosion medium could penetrate into the coatings along the pores or inclusions, and chloride

ions have penetrated into the depth of the coatings. The potentiodynamic polarization curves showed the

passivation phenomenon of the original aluminum coating, which was related to the strong adhesion of jelly

corrosion product Al(OH)3 and the existence of Al2O3 films. The corrosion failure process of aluminum coating

was investigated by means of electrochemical impedance spectroscopy (EIS) measurements. On the basis of

the impedance diagram changes during the testing, the process can be separated into four stages: initiation of

cavitations, acidification and hydrogen evolution in the hole, coating as the sacrificial anode when the corrosion

medium penetrates into steel substrate and rapid development of cavitation groups. Finally various models for

the electrode in the corrosion process were proposed.

Key words: electrochemical impedance spectroscopy, arc spraying, metal coating, aluminum coating


