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Debonding Behavior in Galvannealed Coating Steel Sheet

Tomokazu MASUDA, Lei WANG, Toshiro KoBAYASHI and Hiroki UMEHARA

Synopsis

Key words :

: The investigation on GA coating properties and in-situ SEM observation in three-point bend test has been carried out. The intention of this

study is to characterize the fracture mechanism in galvannealed coatings on interstitial free steel sheet. Several cracks in coating are induced
during heating and cooling process. The segment of the pre-existing cracks is related to by an outburst reaction. The crack spaces are domi-
nated by grain size and divided into segments of approximately 20 um. Ductility in GA coating is inhomogeneous by the difference of diffu-
sion rate between Fe and Zn. Ductility in GA coating decreases with increasing Fe content in the coating. Therefore, the cracks take place
easily in the coating as the product of an outburst reaction. These cracks propagate in a direction perpendicular to the coating phase under
tensile loading condition. Generated crack relaxes applied tensile loading and then deformation of steel substrate takes place. Therefore,
decohesion at steel-coating interfaces hardly takes place at the tensile loading side. The generation of the crack at the compression loading
side is slower than the tensile side because the tensile residual stress in the coating is released by compressive loading. Elastic energy of the
comptession is then accumulated in the coating and when the stress at steel—coating interface reaches the critical decohesion shear stress, the
coating divides the steel substrate. Based on the above results, the optimum coating structure is discussed.

galvannealed coatings; in-situ SEM observation in three-point bend test; outburst reaction; grain size of steel sheet; decohesion at steel-

coating interface; residual stress.
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Fig. 1. In-situ SEM observation in three-point bending test
assembly.
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Table 1. Chemical compositions of the GA coating and IF steel sheet (mass%).

(a) GA coating

(b) Interstitial free steel sheet

Zn Fe Al C Si

Mn P S Al Ti

88.67 10.78 0.59 0.002 0.008

0.100  0.010 0.006  0.024 0.051

(a) SEM micrograph of GA coating

(b) Schematic diagram of GA coating

Fig. 2. Typical microstructure of GA coating. (a) SEM micrograph of GA coating (b) Schematic diagram of GA coating.



BTy FYT@R0s)EMLAZED, (ldA—1—xyFy
Z7(90s)L THEMMORERK AP EREIN L DTH S,
Ty FUIIE ST EEMERIZIE, FBRIIROhL

20
L€— coating/steel interface
g; 15F ¢
4
<
g
S10F ®eg
g .
= o0 0o P °
3
e °r e
'
0 ] 1 1
0 5 10 15

Distance from the interface , d / ym

Fig. 3. Measuring result of the Fe content by EDX.
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Fig. 4. Cross sectional views of the GA coating and IF steel sheet. (a) polished (b) etched (10% Nital, 30's) (c) over etched (10%

Nital, 90s).

10um

20um

Fig. 5. SEM micrographs of etched GA coating and steel substrate.
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Fig. 6. SEM micrographs of GA coating at tensile loading side with increasing bending angle.
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Fig. 7. Relationship between the number of cracks and
width of cracked coating.
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Fig. 8. SEM micrographs of GA coating at compressive
loading side with increasing bending angle.
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Fig. 9. SEM micrograph of GA coating at compressive loading side (after 30° bending).
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Fig. 11. Before and after Vickers hardness test photogra-
phy of GA coating. (a) before testing, (b) after
testing.
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Fig. 12. Variation of Fe content in GA coating with dis-
tance.
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