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Inhibition Mechanism of Black Patina Development on a Hot Dip Zn-Al
Alloy Coated Steel Sheet by Spraying Aqueous Solution of Co Salt

Mitsuru Kopa, Yukio UcHIDA, Masaru SUZUKI
Takenori DEGUCHI and Yusuke HIROSE

Synopsis :

An inhibition mechanism of the black patina development on the surface of 4% Al-0.1% Mg-Zn alloy
coated steel sheet by spraying aqueous solution of Co salt was investigated with various surface analytical
methods.

Without Co treatment, the coating surface rapidly changed its color into black in a high temperature and
high humidity environment. This phenomenon was due to the formation of thick oxide film which composed
of Zn, Cr and Al. The blackening of the coating surface was effectively retarded by spraying aqueous
solution of Co salt onto the molten coating surface just after hot dipping.

On the Co treated coating surface, a large number of Co30, deposits, of which structure was identified
with HEED, were observed in TEM image and in IMA ion image. The thickness of this Co oxide was 0.1~
0.2 um as determined by a direct TEM observation of the ultramicrotomed cross section of the coating
layer. SAM and ESCA depth-profiles showed that Co oxide retarded oxidation of the coating surface.
This effect of Co oxide was attributed to cathodic inhibitive action or stable zinc hydroxide forming ability
of Co ion which was eluted into the condensed water on the coating surface.

Key words : Zn-Al alloy coated steel ; black patina ; inhibition ; Co salt ; spraying ; surface analyses.
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Fig. 1. Changes in the lightness of the coating

surface treated by various nitrate solutions in a
humidity cabinet test. The weights of deposited
oxides (as metal) are indicated.
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Fig. 2. Relationship between the lightness of Co
treated coating surface after 148 and 480h of a
humidity cabinet test and volume of sprayed Co salt
solution.
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a) TEM image

b) EDX spectrum

c¢) HEED pattern
Photo. 1. TEM image, EDX spectrum and
HEED pattern of the deposited Co oxide.

a) TEM image
b) Al X ray image

Photo. 2.
coating surface.

¢) Co X ray image
d) Zn X ray image

Cross-sectional TEM image and characteristic X ray images of Co treated
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Photo. 3. TEM image, EDX spectrum
and HEED pattern of the deposited Co ox-
ide after a chromate treatment.
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Fig. 3. Co 2p ESCA spectra of Co treated coat-
ing surface.
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Fig. 4. Mass spectrum obtained from the area on
the Co treated surface where spotty dispersed
deposition of Co oxide was not observed.
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IMA ion images of the Co treated coating surface after 20 days of a humidity cabinet
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Fig. 5. Zn LMM Auger spectra of the coating
surface with and without Co treatment after 20
days of a humidity cabinet test.
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Fig. 6. SAM depth profiles of the coating surface
of 5-Zn phase after 20 days of a humidity cabinet
test. Specimens are the same as Fig. 5. On Co
treated specimen, measured area is where spotty
dispersed deposition of Co oxide was not observed
in SAM image.
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Photo. 5. Cross-sectional TEM images of the
coating surface with and whithout Co treatment
after 20 days of a humidity cabinet test. TEM
images show the Al-rich phase of the coating.
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Fig. 9. A schematic model explaining inhibition
mechanism of the black patina development on a
Zn-Al alloy coating by Co oxide.
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