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Seawater corrosion behavior of hot dip coatings at
Qingdao test station (I1)—Tidal zone
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Abstract: The corrosion behavior of hot dip Galvanized (GI), Galfan (GF) and Galvalume (GL) coated steels exposed to
seawater tidal zone of Qingdao site was investigated with seawater corrosion test and microscopy morphology analysis.
Biofouling takes place on the coupons in this zone to some extend and may result in partial protection of coating surface
and lower corrosion rate. The poor performance of GI coating is mainly attributed to its largest dissolution rate and less
protective oxidation product layer. The better performance of GF coating is ascribed to its lower dissolution rate and more
resistant oxidation film formed on the coating surface in contact with well-aerated seawater. The protective zinc corrosion
products retained in the Al-rich dendritic network slows down further attack, and well-aerated condition promotes
passivity of Al-rich phase, GL coating thus shows the best performance in tidal zone. The minimum coating thickness
requirement for one year protection afforded to steel structures that is exposed to tidal zone is then calculated as: GI, 25
um; GF, 12 um; GL, 3 pm. The corrosion resistance of GL and GF are five and three fold as that of GI exposed to tidal
zone.
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Fig.1 Surface appearances of GI coated sheet steel after
exposed to seawater tidal zone for various intervals: (a) 3

months; (b) 6 months; (c) 12 months; (d) 18 months
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Table 1 Mass loss data of GI coated sheet steel exposed to

seawater tidal zone

Exposure Mass loss/ Thickness
time/month (gm?) loss/pm
3 63.0 8.81
6 90.0 12.53
12 137.0 19.07
18 347.6 48.38
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Fig.2 Surface morphologies of GI coated sheet steel after

exposed to seawater tidal zone for various intervals: (a) 3

months; (b) 6 months; (c) 12 months
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Table 2 EDS analysis result for selected areas in Fig.2 (mass
fraction, %)

Selected area Zn Al Fe (¢}
A in Fig.2(a) 82.70 1.92 15.38 -
B in Fig.2(a) 4.10 7.26 88.64 -
Cin Fig.2(a) 95.21 - 4.79 -

A in Fig.2(b) - - 69.88 30.12
Bin Fig.2(b) - - 90.50 8.05
A in Fig.2(c) - - 73.13 26.87
B in Fig.2(c) - - 78.20 21.80
Cin Fig.2(c) - - 100.00 -
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Fig.3 Surface appearances of GF coated sheet steel after
exposed to seawater tidal zone for various intervals: (a) 3

months; (b) 6 months; (¢) 12 months; (d) 18 months
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Table 3 Mass loss data of GF coated sheet steel exposed to

seawater tidal zone

Exposure Mass loss/ Thickness
time/month (gm?) loss/um
3 20.0 2.81
6 28.0 4.04
12 83.0 11.98
18 88.5 12.77

223 TOME MO

WK 4(a)fi~, GF 9% 24N MLE K 25 X 52 75 3
A A JEAAAE RIS T ol 3 4+ EDS 8R4 5
Fih, EX A WE BT ERNES LN 95.5%,
I A B b R S AT R SR IX B Ol T AR
TGP s I 5 B P08 )2 ) 8% B LA A

F 4 4P RE I BT 45 R
Table 4 EDS analysis result for selected areas in Fig.4(mass
fraction, %)

Selected area /n Al Fe O
A in Fig.4(a) 94.03 5.03 0.95 -
B in Fig.4(a) 86.79 9.14 1.61 2.46

AinFigd(b) 8934  7.87 0.85 1.94
BinFig4(b)  86.13  13.87 - -
A in Fig.4(c) 1.64 703 9134 -

B in Fig.4(c) - 407 9593 -
A in Fig.4(d) - - 100.00 -
B in Fig.4(d) - - 100.00 -
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Fig.4 Surface morphologies of GF coated sheet steel after exposed to tidal zone for various intervals: (a) 3 months; (b) 6 months;

(c) 12 months; (d) 18 months
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Fig.5 Surface appearances of GL coated sheet steel after
exposed to seawater tidal zone for various intervals: (a) 3

months; (b) 6 months; (c) 12 months; (d) 18 months
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Table 5 Mass loss data of GL coated sheet steel exposed to

seawater tidal zone

Exposure Mass loss/ Thickness
time/month (gm™?) loss/um
3 10.0 2.07
6 11.9 2.50
12 12.4 2.59
18 16.8 3.51
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Fig.6 Surface morphologies of GL coated sheet steel after exposed to tidal zone for various intervals: (a) 3 months; (b) 6 months;

(¢) 12 months; (d) 18 months
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Table 6 EDS analysis result for selected areas in Fig.6 (mass

fraction, %)

Selected area Zn Al Si Fe (6]
AinFig6(a) 3892 5869 - 086 153
BinFig6(a) 3865 5185 —  0.64  8.85

AinFig6(c) 4021 5828 0.60 090  —
BinFig6(c) 20.74 41.64 074 152 3537
AinFig6(d) 46.68 50.18 — 099 215
BinFig6(d) 8986 262 — 752  —

Cin Fig.6(d) 8.86 11.47 - 65.62 14.05
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Fig.7 Corrosion rate curves of GI, GF and GL coated sheet

steel exposed to seawater tidal zone
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Table 7 Ratios of 6 and 18 months coating thickness loss for

hot dip coatings exposed to seawater tidal zone

Ratio of 6 months Ratio of 18 months

Coating thickness loss thickness loss
Gl 1 B
GF 1:3.10 1
GL 1:5.01 13.64
3 it
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