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Change in Microstructure of Zn-Co-Cr-Al,0; Composite Coating by Cyclic Corrosion Test

Chizuko Maepa, Tetsuya Meca, Junichi Sumovura and Shigeo Kurokawa

' Synopsis : The microstructure and chemical state of Zn-Co-Cr-Al,O; composite coating before and after the cyclic corrosion test
(CCT) were investigated by electron microscope, X-ray photoelectron spectrometer, and electron probe micro analyzer.
The coating layer consisted of a Zn matrix containing super-saturated Co and dispersed particles of cohesive Al,Os,
Cr,0s, Cr(OH), coordinating SO,. The dispersed particles existed uniformly in a regular matrix in coatings formed in
electrolytes with lower concentrations of dispersed Al,O; particles and Cr-ions, while the matrix was dendritic and the
dispersed particles concentrated along the dendrite arms in coatings formed in electrolytes with higher concentrations
of Al,O; particles and Cr-ions. The main corrosion products of the composite coating after the CCT were ZnCl,-
47Zn(0OH), and ZnO, which is similar to that with conventional Zn coatings, but the amount of the Zn rust is less than
that with conventional Zn coatings. Fine networks of ZnCl,*4Zn(OH), grew in the coating in the vicinity of the steel
substrate during the CCT. A region of highly-condensed dispersed particles existed between the ZnO layer and the
residual coating layer. It is considered that ZnCl, *4Zn(OH), formed uniformly by the local cathodic reaction of Co, and
the existence of the protective region of dispersed particles gave high corrosion resistance to the composite coating.
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Table 1. Chemical element compositions of
electrolyte (g/D).

Specimen | Zn** as Co* as Cr** as Al,0, Na* as
7080, 7H,0 CoSO,-7TH,0 Cr,(S0,), Na,S0,

A 90 21 7 4 0

B 90 21 45 12 0

90 0 0 0 3
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Table 2. Chemical composition of the coatings

(mass%) .
Specimen Zn Co Cr AlLO, Fe
A 97.60 0.89 1.04 0.42 0.05
B 88.04 3.56 6.24 2.04 0.12
C 99.95 0 0 0 0.05
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Fig. 2. TEM bright field image and EDX spectrum
of dispersed particles in the specimen A.

Fig. 1. SEM images of the specimens A(a), B(b) and C(c).
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Fig. 3. XPS spectra of Co2p (a) and Cr2p (b) levels for the specimens A and B.
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Fig. 4. EPMA K-band spectra of Al (a) and S (b) of the specimens A and B.
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Fig. 5. Relation between lattice spacings of matrix
Zn and Co concentration.
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. 6. Cross sectional SEM image and EDX spectra
of the specimen A. Nos. 1 and 2 indicate the
analyzed positions with EDX. Right-hand
EDX spectra show lower energy region nor-
malized by the intensities of Zn-L peak.
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Fig. 8. X-ray diffraction patterns of the specimens

A(a), B(b) and C(c) after CCT.
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Fig. 9. SEM micrographs for Zn rust of the speci-
men A after CCT. (a) : Black rust area, (b):
White rust area.
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Fig. 10. Cross sectional SEM image and EDX spec-
tra of the specimen A after CCT. Nos. 1-4
indicate the analyzed positions with EDX.
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Fig. 11. Cross sectional SEM image and EDX spec-
tra of the specimen B after CCT. Nos. 1-4
indicate the analyzed positions with EDX.
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Fig. 12. Cross sectional SEM images of the speci-
men C after CCT.
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