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The demand for powder-coated steel used in the marine industry is increasing owing to their superior corrosion
resistance. However, the powder coatings used in commercial products can deteriorate easily by the penetration
of brine. In an attempt to suppress brine penetration into the powder coating and significantly increase the
corrosion resistance, three types of oxide particles were added to the coating. Electrochemical impedance
spectroscopy tests in 3.5% NaCl solution were performed to evaluate the corrosion behaviors of the powder
coating with oxide particles. The results showed that the addition of SiO, particles to a powder coating
severely decreased the corrosion resistance due to the easy detachment of agglomerated SiO, particles with
a coarse size from the coating layer. In contrast, the TiO, and SnO,-added coatings showed better corrosion
resistance, and the TiO»-added coating performed best in the test conducted at room temperature. However,
conflicting results were obtained from tests conducted at a higher temperature, which may be attributed
to the effective suppression of brine penetration by the fine SnO, particles uniformly distributed in the

coating.
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EFFECT OF OXIDE PARTICLES ADDITION TO POWDER COATING ON CORROSION RESISTANCE OF STEEL USED AS MARINE EQUIPMENTS
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Table 1 Information on the commercial powder coating

Average. Particle Powder Purity (%) Contents
Size
SiO, 99.5 20%
150 pm TiO, 99.5 20%
SnO, 99.9 20%
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Fig. 1 Schematic diagram of the electrochemical corrosion test cell and its electrical connection.
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Fig. 2 Surface ((a), (b), and (c)) and cross-sectional ((d), (e), and (f)) observations of the three types of coating; (a) and (d):

SiO,, (b) and (e): TiO,, (¢) and (f): SnO,.
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Fig. 3 (a) Measured fraction of oxide particles distributed in the coating layers, (b) EDS mappings showing the oxide particles

with a finer size.
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Fig. 4 Nyquist plots obtained from three types of coating by
the EIS test (room temperature); (a) three samples, (b) SiO,
added sample, and (¢) SnO, added sample.

Fig. 5 Equivalent circuits used for fitting to the Nyquist plots;
(a) SiO; and TiO, added samples, and (b) SnO, added sample.
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Table 2 Various corrosion parameters obtained by fitting to the
EIS data measured after seven days immersion in 3.5% NaCl
solution at room temperature

Re Cc Ra Ca
Q-cm?) | (Q'rem?s) | (Qrem?) | (R1-em™s)
Si0, - - 153 6.41¢”
TiO, | 29.87¢° 4.662¢™ 88.1¢° 6.673¢”
Sn0, 325 4.133¢" 1.454¢° 1.452¢™
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32000 |- | HEE R
Em R, 95000
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Fig. 6 Fitted values of Rc and Ry of the three samples after
seven days immersion at room temperature.
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Fig. 7 Fitted values of (a) Cc and (b) Ca of the three samples after seven days immersion at room temperature.
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Fig. 8 Fitted values of the total resistance (Rc + Rq) and surface
observation of the coated samples after six days of immersion
at 60 °C.
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Table 3 Various corrosion parameters obtained by fitting to
the EIS data measured after six and 12 days immersion in

3.5% NaCl solution at 60 °C

6 days Re 2 1 Ce 2 Ra 2 .1Cdl 2
(Q-cm’) | (R7-em™s) | (RL-cm?) | (R -em™s)
TiO, 1.65¢° 8.51¢! 3.32¢° 8.17¢*
Sno, 1.05¢° 3.89¢! 9.58¢° 3.88¢*
12 days (saicmz) (SZ'l-Ccin'zs) (szidxllf) @ -Ccilnas)
TiO, 7.02¢* 6.76¢"! 4.39¢’ 1.67¢”
Sn0O2 | 2.65¢* 3.24¢™" 2.64¢" 6.68¢
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Fig. 9 Fitted values of (a) Cc and (b) Cyq of the samples after six and 12 days immersion at 60 °C.
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