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Synopsis :

Atmospheric corrosion characteristics of a hot-dip Zn-6%Al-3%Mg alloy coated steel sheet were investigated and compared with
those of a hot-dip Zn-0.2mass%Al and hot-dip Zn-4.5%Al-0.1%Mg alloy coated steel sheets after 6.5 years of exposure in coastal and
rural environments.

Zn-6%Al1-3%Mg coated steel sheets have superior corrosion resistance to Zn-0.2%Al and a Zn-4.5%A1-0.1%Mg alloy coated steel sheets
in both environments. Extensive analytical studies using SEM, XRD and TEM reveal that the surface of a Zn-6%Al-3%Mg coating is
covered with compact corrosion products containing magnesium, composed mainly of amorphous and fine-crystal zinc compounds.
These corrosion products exist stably on the surface of the Zn-6%Al-3%Mg coating for long periods. Coarse corrosion products containing
zinc oxide on the other hand, are formed on the surface of Zn-0.2%Al and Zn-4.5%Al1-0.1%Mg coatings.

Magnesium in the corrosion products therefore plays an important role in keeping the amorphous and the fine-crystal corrosion
products stable and inhibiting the formation of zinc oxide. This has the further result of suppressing cathodic reactions and remarkably

enhancing the corrosion resistance.
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Table 1  Descriptions of atmospheric corrosion test sites

Atmospheric

b . Location
corroslion test site

Environment

The yearly mean Annual

Temperature (C)

Relative humidity (%) rainfall (mm)

30 m from the

Coastal Pacific coastline

Okinawa

22.7 75 2037

Surrounded by the
green zones

Gunma Rural

14.2 65 1163
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Fig.1 Pictures before and after image processing. (a) Cross-sectional structure of Zn-4.5A1-0.1Mg coated steel sheet
after 3 years of exposure in the coastal environment, (b) the picture after image processing.
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Fig.2 Surface appearance of each specimen after 5 years of exposure.
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Fig. 3 Cross-sectional structure of each specimen before exposure and after 5 years of exposure.
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Fig. 4 Corrosion loss of coating layer of each specimen after the atmospheric exposure test.
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Fig.5 Surface morphology of corrosion products formed on each specimen after 5 years of exposure
in the coastal environment. (a) Zn, (b) Zn-4.5A1-0.1Mg, (c) Zn-6Al-3Mg.
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Fig.6 X-ray diffraction pattern of each specimen after 5 years
of exposure in the coastal environment.
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Fig.7 Change in XRD intensity of corrosion products formed on each specimen in the coastal environment exposure.
(a) Zn,CO3(OH)s- H,O (d=0.69nm), (b) Zns(OH)sCly- H,O (015), (c) ZnO (100), (d) ZngAly,(OH);;CO;3-4H,0 (006).
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Fig.8 TEM micrograph and diffraction pattern of corrosion
products formed on Zn-45A1-0.1Mg coated steel sheet
after 5 years of exposure in the coastal environment.
(a) Bright field image, (b) schematic figure of the bright
field image, (c) nano-diffraction pattern for position 1 in
the bright field image.

Table2 TEM-EDX intensity ratios of X/Zn at the positions
(1, 2) in the bright field image of Fig.8

Analysis — nj 70 Mg/Zn  O/zn S/Zn CU/Zn
position

1 0.12 — 0.50 0.03 0.02

2 0.27 0.01 0.72 0.04 0.02
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Fig. 9 TEM micrograph and diffraction pattern of corrosion
products formed on Zn-6Al-3Mg coated steel sheet
after 5 years of exposure in the coastal environment.
(a) Bright field image, (b) schematic figure of the bright
field image, (c) nano-diffraction pattern for position 1 in
the bright field image.

Table3 TEM-EDX intensity ratios of X/Zn at the positions
(1-3) in the bright field image of Fig.9

ﬁons?g;is AVZn  Mg/Zn  O/Zn  S/Zn  CU/Zn
1 010 007 045 002 001
2 016 019 057 003 002
3 027 021 084 006 002
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Fig.10 Surface morphology of corrosion products formed on each specimen after 5 years of exposure
in the rural environment. (a) Zn, (b) Zn-4.5A1-0.1Mg, (c) Zn-6Al-3Mg.
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Fig.11 X-ray diffraction pattern of each specimen after 5 years
of exposure in the rural environment.
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Fig.12 Change in XRD intensity of corrosion products formed on each specimen in the rural environment exposure.
(a) Zn,CO3(0OH)s* H,O (d=0.69nm), (b) ZnO (100), (¢) ZneAl,(OH),,CO;3- 4H,0 (006).
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Fig.13 TEM micrograph and diffraction patterns of corrosion
products formed on Zn-6Al-3Mg coated steel sheet after
5 years of exposure in the rural environment. (a) Bright
field image, (b) nano-diffraction pattern for position 1 in
the bright field image, (c¢) nano-diffraction pattern for
position 3 in the bright field image.

Table 4 TEM-EDX intensity ratios of X/Zn at the positions
(1-4) in the bright field image of Fig.13

Analysis — y1 70 Mg/zZn 0/7Zn S/Zn
position
1 038 002 058 0.12
2 023 002 0.44 009
3 0.29 0.10 053 0.14
4 030 008 039 0.11
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Fig.14 High resolution TEM micrograph of corrosion products
formed on Zn-6Al-3Mg coated steel sheet at the position
3 in the bright field image of Fig.13.
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Fig.15 Polarization curve of each specimen unexposed and exposed to the coastal environment
for 5 years, in artificial rain water at 25C.
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Table5 I, of each specimen unexposed and exposed to the
coastal environment for 5 years (A/m?
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Fig.16 Polarization curve of each specimen exposed to the rural
environment for 5 years, in artificial rain water at 25C.
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