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Seawater corrosion behavior of hot dip coatings at
Qingdao test station (III)——Splash zone
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Abstract: The corrosion behavior of hot dip Galvanized (GI), Galfan (GF) and Galvalume (GL) coated steels exposed to
splash zone of Qingdao site was investigated with seawater corrosion test and microscopy morphology analyses. Splash
zone is less aggressive for hot dip coatings and biofouling does not take place in this zone. The poor performance of GI
coating is mainly owing to its largest corrosion current density and less protective oxidation product film under the
condition of continuously wet with well-aerated seawater. The better performance of GF coatings is attributed to its lower
corrosion current density and more resistant oxidation film formed on the coating surface. Since the protective zinc
corrosion products retained in the Al-rich dendritic network slows down further attack, and well-aerated condition
promotes passivity of the Al-rich phase, GL coating therefore shows the best corrosion performance in splash zone. The
minimum coating thickness requirement for 1 a protection afforded to steel structure exposed to splash zone was then
calculated as: GI, 14 pm; GF, 8 um; GL, 4 pm. The corrosion resistance of GL and GF are therefore four and two fold as
that of GI exposed to seawater splash zone.
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Fig.1 Surface appearances of GI coated sheet steel after exposed to seawater splash zone for various intervals: (a) 3 months;

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

seawater splash zone

Exposure time/ Mass loss/ Thickness loss/
month (gm™) pm
3 41.0 5.67
6 52.0 7.21
12 96.0 13.38
18 99.0 13.80
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Fig.2 Surface morphologies of GI coated sheet steel after
exposed to seawater splash 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 (0]
A in Fig.2(a) 88.42 1.10 10.48 -
Bin Fig.2(a) 96.33 - 3.67 -
A in Fig.2(b) 96.52 - 3.48 -
B in Fig.2(b) 90.75 0.81 8.44 -
A in Fig.2(c) 1.11 2.63 96.26 -
B in Fig.2(c) 1.49 - 84.89 13.62
Cin Fig.2(c) - - 97.04 2.96
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Table 3 Mass loss of GF coated sheet steel exposed to

seawater splash zone

Exposure time/ Mass loss/ Thickness loss/
month (gm™) pm
3 22.0 3.16
6 27.0 3.85
12 50.0 7.20
18 66.4 9.60
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Fig.3 Surface appearances of GF coated sheet steel after exposed to seawater splash zone for various intervals: (a) 3 months;

(b) 6 months; (c) 12 months; (d) 18 months
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Fig.4 Surface morphologies of GF coated sheet steel after exposed to splash zone for various intervals: (a) 3 months; (b) 6 months;

(c) 12 months; (d) 18 months
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Table 4 EDS analysis result for selected areas in Fig.4 (mass
fraction, %)

Selected area Zn Al Fe o
A in Fig.4(a) 90.07 8.22 1.71 -
Bin Fig.4(a) 88.53 6.15 1.28 4.03
A in Fig.4(b) 95.60 4.40 - -
B in Fig.4(b) 86.44 8.85 1.04 3.66
C in Fig.4(b) 93.05 5.57 1.37 -
A in Fig.4(c) 73.00 18.98 1.75 6.27

B in Fig.4(c) 3.56 13.88 8257 -
CinFig4(c)  14.03 3.43 80.97 1.57
AinFigd(d)  88.13 8.02 2.28 1.57
B in Fig.4(d) 2.20 8.49 89.31 -

A NS E A GBI B RIS WA
IR R e )z

2.3 HiRIE GL EERWIREFK XK X BB HITA
231 FEMEMIES

GL B% 2 AR AT 9 7K D DX AN [) Jo) 390 ) 11 2%
MIESRWIE 5 Fion . GL 5241 CilkIX 585 3 S H A6
ANAE, WA AR L, FUR AN AR R 2k 2
S @GR Tl 12 AN H JE e B T 9 R R a5
WG AL, FEAMEA BN AT S B B A 72k
TeIX 28 18 A H T, HEJZ R A D VEH /N €3 1k
Y, IR EE )RR A S B .
232 BT K

2 5 I ESUREWE 0T A, GL #)E1EiK
K X PR PRI T b vk REAE 3 Fh Y E AR R By, AERE
AN IBORE JELSA e 0 8 o it B R B e b o AR K Rk
X g 18 N H G, PR R EAE R /N, A 5.83
pm, & [F I G B2 e 5] 42.2%, GF #2110
60.7%. JTES I AL L 5K 5 FrR g
s RWE o nTRBUL VR 25 pm 2243 1) GL B
JEAEHEK IR A H A5 A 20 h 6 a.



1532 T EA G R AR

2007 £ 9 H

B 5 FHRPE GL P2 AR AR /K D DR P AN [7] J TP 2 T T 30

Fig.5 Surface appearances of GL coated sheet steel after exposed to seawater splash 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 splash zone

Exposure time/ Mass loss/ Thickness loss/
month (gm™) pm
3 8.00 1.69
6 15.00 3.21
12 15.50 332
18 27.20 5.83
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Table 6 EDS analysis result for selected areas in Fig.6 (mass
fraction, %)

Selected area Zn Al Fe O

AinFig.6(a) 4042  59.58 - -
BinFig6(a) 4131
AinFig6(c) 4389 5479 132 -

BinFig6(c) 3561 4220 1305  9.14
AinFig6(d) 3721 5897  1.57 2.24
BinFig6(d) 4502  41.03 432 9.63
CinFig6(d)  3.76 1.04  95.19 -

58.69 - -
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Fig.6 Surface morphologies of GL coated sheet steel after exposed to splash zone various intervals: (a) 3 months; (b) 6 months;

(c) 12 months; (d) 18 months
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Fig.7 Corrosion rate curves of GI, GF and GL coated sheet

steel exposed to seawater splash zone
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Table 7 Ratios of 12 and 18 months coating thickness loss for

hot dip coatings exposed to seawater splash zone

Ratio of 12-month Ratio of 18-month

Coating thickness loss thickness loss
Gl 1 N
GF 1:1.86 1
GL 1:4.03 1:1.65
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