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Relationship between Surface Structure of Silicon Containing Steel and
Adhesion of Hot Dip Galvanized Coating

Yasuo TSUCHIYA, Satoshi HASHIMOTO, Yohichi ISHIBASHI, Jun-ichi INAGAKI and Yasuo FUKUDA

Synopsis : The surface of the annealed steel and the exfoliated interface of the coating for the hot dip galvanized Si containing steel sheets was charac-
terized by using SEM (Scanning Electron Microscope), AES (Auger Electron Spectroscopy) and TEM (Transmission Electron Microscopy).
The adhesion of the coatings have depended on the Si content of the steel. It have been found that MnSiO, particles are formed at the surface
of the annealed steels having high Si content and that two types of grain having different distribution of the oxide exist in the steels. Large
oxide particles have been formed in one type of grain and small particles are formed in the other type of grain. The different type of Fe-Zn
alloy are formed on two types of grains. It have been observed that the oxide particles exist at the interface of exfoliated coatings after the ad-
hesion test for the steels with high Si content. The distribution of the oxide particles observed at the bottom of the exfoliated coating is quite
similar to that of the surface oxide of the annealed steel. From these results, the exfoliation of the coating has initiated at the oxide particles

of the steel surface that has been not reduced during the hot dip galvanizing.
Key words: hot dip galvanizing; Si added steel; Fe,Al; {-ZnFe alloy; surface segregation; AES; SEM; TEM.
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Table 1. Chemical compositions of Si containing steels.

(mass%)

Steel C Si Mn P S Sol.Al
1 0.051 0.01 0.25 0.007 0.003 0.038

2 0.048 0.04 0.27 0.007 0.003 0.039

3 0.051 0.06 0.24 0.007 0.003 0.037

4 0.042 0.08 0.25 0.007 0.003 0.040

5 0.047 0.13 0.24 0.007 0.003 0.038

6 0.050 0.21 0.27 0.007 0.003 0.037

7 0.046 0.36 0.25 0.007 0.003 0.041

8 0.057 0.53 0.31 0.010 0.004 0.038
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Fig. 1. Peak height of Si AES line as a function of Si con-
tent of steels.
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Fig. 2. TEM micrographs of steel surface with various Si content before and after annealing. Specimen for TEM observation was
prepared by extraction replica. a: as rolled steel 1, b: as rolled steel 4, c: as rolled steel 7, d: as rolled steel 8, e: annealed
steel 1, f: annealed steel 4, g: annealed steel 7, h: annealed steel 8.

Fig. 3. TEM micrograph of surface for annealed Si con-
taining steels (steel 8, 0.53 mass% Si).
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Fig. 4. TEM micrograph (a), EDS spectrum (b) and elec-
tron diffraction pattern (c) of surface oxide for an-
nealed Si containing steels (steel 8, 0.53 mass% Si).
Point for EDS analysis and diffraction observation
are indicated by arrow in TEM image.
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Fig. 5. Adhesion index as a function for Si content of
steels.
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Fig. 6. SEM micrographs of alloys formed at interface be-
tween coating on Si containing steels. Zn coating
layer was removed by immersion of HCI. a: steel 1
(0.01 mass% Si), b: steel 7 (0.36mass% Si), c:
steel 8 (0.53 mass% Si).

Fig. 7. TEM micrographs of alloys formed at interface be-
tween coating and Si containing steels. Specimen
for TEM observation was prepared by extraction
replica. a: steel 1 (0.01 mass% Si), b: steel 8 (0.53
mass% Si).

Table 2. Quantitative analysis of A and B type alloy by

EDS.
(mass%)
Steel 1 Steel 8
(Si:0.01) (Si:0.53)
A Type Alloy|B Type Alloy |A Type Alloy[B Type Alloy
Al 51.7 15.7 52.5 11.9
Fe 43.6 314 424 26.7
Zn 4.7 52.9 5.1 61.3
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Fig. 8. SEM micrographs of exfoliated surface for steel 8
(0.53 mass% Si) by bend and pealing test. a: steel
side, b: coating side.
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Fig. 9. AES spectra of exfoliated steel surface for steel 8
(0.53 mass% Si) by bend and pealing test. Each
spectrum indicated by number was measured at
point displayed in SEM image.
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Fig. 10. TEM micrograph (a) of surface oxide for annealed steel 8 (0.53 mass% Si) and SEM micrograph (b) of exfoliated coating

bottom surface for steel 8 after bend and pealing test.
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