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Fig.1 SEM images and EDS analysis of Al-Ti-Si-RE: (a) coating section morphology, (b) rich Al phase morphology by EDS plane scanning,

(c) rich Ti phase morphology by EDS plane scanning, (d) EDS chosen point of SEM image, and (e) corresponding EDS result
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Fig.2 Potentiodynamic polarization curves of Al-Ti-Si-RE coating

in different corrosion conditions
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Table 1 Fitted results of potentiodynamic polarization curves

Sample 1# 2# 3# A4
Immersion time/h 0.5 480 0.5 480
Pressure/MPa 0.1 0.1 3 3
Econ/V -0.7175 -0.7177 -0.6985 -0.9727
leore/ L0 CA €m 2.52 1.65 3.46 3.64
Rp/Q-cm2 10334 5780 7535 7177
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Fig.3 EIS of Al-Ti-Si-RE coating with prolonged immersion time at
hydrostatic pressure: (a) Nyquist; (b) Bode: f-¢; (c) Bode: f-|Z|
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Fig.4 Equivalent circuits of Al-Ti-Si-RE coating with prolonged
immersion time at hydrostatic pressure: (a) 0.5, 6, 12 and

72 h of immersion; (b) 300 and 480 h of immersion
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Table 2 Equivalent circuit element values of Al-Ti-Si-RE coating with prolonged immersion time at hydrostatic pressure
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Ry/X10*Q-cm®  CPE-2-Yo/<10“ Q"' em? s"

Qarn  Ry/>10*Q-cm?

0.5 12.160 3.007 0.7762
6 11.100 4.178 0.8683
12 8.470 7.915 0.8728

2.624 2.858 1.0000 3.715
1.429 4.335 0.9128 1.038
0.6881 7.738 0.8614 0.7831
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Fig.5 Potential noise of Al-Ti-Si-RE coating at different hydrostatic

pressures
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Fig.8 Al-Ti-Si-RE coating corrosion morphologies: (a) macrostructure,

(b) microstructure at 0.1 MPa, and (c) microstructure at 3 MPa
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Fig.9 Corrosion morphologies of Al coatings of 72 h immersion
at hydrostatic pressure: (a) pitting hole and (b) corrosion

products
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Anti-corrosion Mechanism of Al-Ti-Si-RE Coating in the Pressure
Environment of Simulated Deep Sea

Tong Hui*?, Wei Shicheng?, Liu Yi?, Wang Xinkun?, Liu Wenchao?, Xu Binshi?
(1. Beijing University of Technology, Beijing 100124, China)
(2. National Key Laboratory for Remanufacturing, Academy of Armored Forces Engineering, Beijing 100072, China)

Abstract: The anticorrosion mechanism of Al-Ti-Si-RE coating in the environment of simulated deep sea was investigated using electrochemical
measurement and micro-analysis. The result shows that Al-Ti-Si-RE coating possesses better corrosion resistance at hydrostatic pressure than at
atmospheric pressure. After 480 h immersion at 3 MPa, a platform similar to a passivation region occurs in the anode of the potentiodynamic
polarization curve because corrosion products block the corrosion channels. At the same time, at hydrostatic pressure, electrochemical impedance
spectroscopy (EIS) indicates that Al passive film dissolves within 6 h of immersion, then tends to be stable after 12 h, and hardly changes between
300 and 480 h. To further analyze the original corrosion process, electrochemical noise (EN) of 0~64 ks at 0.1 and 3 MPa was measured, which
quantificationally described the corrosion process from passive film dissolving to corrosion product fast-forming to stabilization. From
morphology observation and X-ray diffraction (XRD) analysis, the rich Ti phase (Ti-Al intermetallics, etc) of the coating is cellular and has good
corrosion resistance, whose construction could fix the Al oxide inside the coating, and thicken the coating to inhibit the corrosion.

Key words: high velocity arc spraying; coating; deep sea corrosion; electrochemical measurements; micro-analysis
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