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The Effect of Si in Steel on Adhesion Strength of Galvannealed Steel

Tamotsu ToK1, Masahiro ARAI, Yoshitaka ADACHI, Toshio NAKAMORI and Masahiko HORI

Synopsis : The effect of Al content in galvanizing bath and chemical composition of steel sheet on the coating adhesion of galvannealed ultra-low car-

bon steel sheet was investigated using the lap-shear method and the gravel method. The exposed steel surfaces after both the lap-shear test
and gravel test were examined so as to discuss the relationship between the geometrical shape of the coating/steel interface and the coating
adhesion strength. In the case of ultra-low carbon Ti added steel, high Al addition to the galvanizing bath increased the adhesion strength of
galvanealed coating, being previously announced.

In the case of phosphorus added steel, high Al addition to the galvanizing bath didn’t alter the morphology of coating/steel interface which
is even and smooth, therefore the adhesion strength didn’t increase. Si additions in the range of 0.05-0.10% to steel increasaed the adhesion
strength of Galvanealed coating of phosphorus added steel, regardless of Al content in galvanizing bath. Zn invasion into the steel grain
boundary was promoted by Si additions in the range of 0.05-0.10% to steel, and as a result, oFe grain boundary became brittle. Because the
propagation course of crack in coating detoured round or branched, it was assumed that the peeling of coating/steel is relieved. Moreover, the

addition of Si to steel has an excellent powdering resistance of galvannealed steel.

Key words : galvannealed steel; chipping; powdering; adhesion; lap-shear method; gravel method.
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Table 1. Chemical composition of steel sheets (mass%).

No C Si Mn P S sol. Al T i
1 0.003 0. 01 0. 7% 0.01 0.003 | 0.034 0.02
2 0.003 0.01 0. 36 0.05 0.003. [ 0.034 0.02

3 0.003 0.0% 0.36 0.04 0.003 | 0.022 0.02

4 0.003 0. 11 0.36 0.04 0.003 | 0.028 0.02
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Fig. 1. Galvanizing and galvannealing process.
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Fig. 2. Lap-shear test.
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Fig. 3. Tool dimensions in cylindrical cupping test.
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Fig. 4. Effects of Fe content in coating and Al content in
galvanizing bath on shear adhesive strength of
coating.
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Fig. 5. Effects of Fe content in coating and Si content in
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Fig. 7. SEM micrographs of coating/steel interface after lap-shear test.
(=: oFe grain boundary, (f): almost of g.b. fracture)
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Fig. 8. SEM micrographs of steel surface exposed by hydrochloric acid solution.
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