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Seawater corrosion behavior of hot dip coatings at
Qingdao test station( [ )

— Immersion zone
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Abstract The corrosion behavior of hot dipping Galvanized (GI), Galfan (GF) and Galvalume ( GL) coated steels
exposed to immersion zone of Qingdao site was investigated with seawater corrosion test, microscopy morphology
analyses and electrochemical measurements. The inferior performance of GI mainly results from its largest corrosion
current density and not forming a stable and protective corrosion product layer in the flowing seawater. T he superior
performance of GF and GL is attributed to their optimal combination of lower corrosion current densities and more
protective corrosion products. The minimum coating thicknesses requirement for one year protection afforded to
steel structures exposed to immersion zone are then calculated as: GI, 45 Hm; GF, 18 Hm; GL, 25 Pm. The corro-
sion resistances of these coatings are therefore readily listed in descend order as: GL> GF> GI. However, the per-
formance of GF immersed in seawater would probably be better than that of GL if pitting corrosion was taken into

accounted.
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Table 1 Main environmental factors of

Qingdao marine corrosion station for steels
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Table 2 Fitting results of weak polarization
curves for hot dip coated sheet

steels exposed to seaw ater

Coating  Jeorr/ (HA * cm™ ?) ®./ mV ®/mV
Gl 4. 240 27.0 oo
GF 2.729 10.2 o
GL 2. 044 24. 1 )
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Fig.1 Weak polarization curves of
hot dip coated sheet steels

exposed to seawater
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Fig. 2 Surface Appearances of
GI coated sheet steel after exposed to

seaw ater immersion 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 GI coated sheet steel

exposed to seawater immersion zone

trmerson el M1 ke s b
3 79.0 11.01
6 173.0 24.27
9 254.0 35.57
12 939.0 131. 50
18 1700. 8 232.20
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Fig. 3 Surface morphologies of GI coated sheet steel after

exposed to immersion zone for 3 and 6 months
(a) —3 months; (b) —6 months
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Table 4 EDS analysis result for selected areas

in Fig. 3 (mass fraction, %)

Selected area Zn Al Fe Si 0 Cl
A 1.98 6.14 91.88 - - -
B - - 72.76 - 27.24 -
c 5.17 6.02 62.65 - 25.50 0.66
A - - 73.56 - 26.44 -
B - 0.34 87.15 0.77 11.26 -
C = = 69.69 - 30.31 =
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Table 5 Mass loss of GF coated sheet

steel exposed to seaw ater

Immersion zone

Immersion time/ M ass loss/ Thickness loss/

month (g*m?) Hm
3 24.0 3.42
6 80.0 11.42
9 90.0 13.01
12 122.0 17.35
18 130.3 18.53
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Table 6 EDS analysis result for selected

areas in Fig. 5( mass fraction, %)

Selected area In Al Fe Si 0

A in Fig.5(a) 95.08  4.92 - - =
BinFig.5(a) 85.47  3.90  3.06  0.77  6.80
Ain Fig.5(b)  93.24  5.36 1.41 - =
BinFig.5(b) 2.78  11.20  86.02

Cin Fig. 5(b) 2.44 4.56 93.00
A in Fig. 5(¢) 100. 00 = = = =

B in Fig.5(¢) 100.00 - = - =

B4 PRV GEF PN ALK AR D A [] J) 391 1) 2 1 T2 3

Fig. 4 Surface appearances of GF coated sheet steel after exposed to

seaw ater immersion zone for various intervals
(a) —3 months; (b) —6 months; (¢) —12 months; (d) —18months

5 HIRPE GF R IR K2R IX 25k 3 .6 Al
9 AN 2 T ROV T 3
Fig.5 Surface morphologies of GF coated sheet steel after

exposed to immersion zone for 3, 6, and 9 months
(a) —3 months; (b) —6 months; (¢) —9 months
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Table 7 Mass loss of GL coated sheet steel

exposed to seawater immersion zone

Immersion time/ Mass loss/ T hickness
month (g*m?) loss/ Bm
3 10.0 2.19
6 33.0 6.99
9 40.0 8.51
12 107.0 25.12
18 263.8 61.92

FEHE K AR 9 AN IR AR J ok R J52 0 S A1 F 5 el i 1)
WEFHEE, 4R 12 A KRB O d
ARG R AR B AR Y, Ui BH AN B AR Ok
A JE i ELJR BB FE b L Bk AR 18 M, i
TR B A SR 7™ F A T, R 0 R T T
hn, AR E S A 25 bm A4 ) GL B8 R AE#
KRR A 12 N AL .
2.4.3 TS BRIER

GL B EAEM /K AR X 558 3 A A 5 o B
PNt 7(a) Biow, AEAEW] R IIE B ok . 3R 8 AT
I T FIEX R RE b A A . mER AT A, BT
(a) HHIEDX A A S Bl ) B R AR B AL AR JE X
B A B B AR A I R T R S e B R e Y 8 B AR
TR . Ik, GL #EEARXIEmMm 3 MG, Bt
RAERG A R B BEAR IO S ik, I ) & R AR A d R
JB . K ERXER 6 MG, WEEma KR
FIE IR fAH, A AR v,

6 IEPE GL AN AR A i 2K 4R X R AN [ A 391 1) 2 T T 3
Fig. 6 Surface appearances of GF coated sheet steel after

exposed to seaw ater immersion zone for various intervals
(a) —3 months; (b) —6 months; (¢) —12 months; (d) —18 months
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Fig. 7 Surface morphologies of GL coated sheet steel after

exposed to immersion zone for 3, 6, 12, and 18 months
(a) —3 months; (b) —6 months; (¢) —12 months; (d) —18 months
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Table 8 EDS analysis result for selected areas

in Fig. 7( mass fraction, %)

Selected area Zn Al Si Fe [0}

A in Fig. 7(a) 44.79  53.82 ~ 1.39 -
Bin Fig.7(a) 40.08  49.49  1.22 1.40  7.81
A in Fig. 7(b) 40.60  48.23 = 2.47 8. 69
Bin Fig.7(b) 20.01  23.38  3.25  53.37 =

AinFig.7(¢) 9.10 42,00  7.18  38.45  3.28
BinFig.7(c) 10.40 42,14  7.25 3450  5.71
Ain Fig.7(d)  2.94  20.61  4.72  50.82  20.91
Bin Fig. 7(d) - . = 88.77  11.23

Cin Fig. 7(d) - . = 100. 00 .
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Fig. 8 Corrosion rate curves of GI, GF and
GL coated sheet steel exposed to

seaw ater immersion zone
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Table 9 Ratios of 3 and 9 months coating

thickness loss for hot dip coatings exposed

to seaw ater Immersion zone

Ratio of 3 month Ratio of $month

Costing thijokness loss thicknzss loss
Gl 1 -
GF 1/3.22 1
GL 1/5. 03 1/1.53

(HAER A, A SCHIH AL i 2 i e ok
BH T 5 2 T e ) 1) b T A RS kAT s AE
EEK AR ANE AW G, 3 MR RS i R RS
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P S R B 85 KT, 1K A 0] /) [B] 55
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N [ PN % 2 R P38 S ke 2, AN RETE ANl 4 HE 8 ioh i
it e 4 2 A0 W K A (P T e P R A P 9 AR A R
DR, o B S RN 5 4 2 g /K B b i R (R L B %
FUEE, A6 TR A Ak 2 B ST R St o0 F B st —
R .

1) JTJE T HR4E GI . GF #1 GL 3 Rk ib s
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3) SEM Fl EDS 4 HTiIESE T 5 52 453 2% 65 il )
AL R - AL T KR X PN SR AL 1 4F
DRA 30 P 5 0 9% 2 dse /N JRJE 3 il A GL B2 45
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