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Fracture and Peeling Behavior of Fe—Zn Intermetallic Coating of Galvannealed Steel Sheet

Shojiro OcHial, Tatsuya TOMIDA, Toyomitsu NAKAMURA, Sohei IWAMOTO,
Hiroshi OKuDA, Mototsugu TANAKA and Masaki Hoso

Synopsis : Tensile fracture and peeling behavior of the Fe-Zn intermetallic coating of galvannealed steel, together with that of the alumina coating of

anodic-oxidized aluminum as a reference were studied. The Fe-Zn coating exhibited first multiple-fracture perpendicular to the tensile axis.

Then the coating exhibited compressive fracture in the width-direction, followed by powdering and the mode II-type crack extension in the &,
layer and in the &, layer near the §,~I" interface. As a result, the upper £+ 8, and &+ 8, + I, layers were peeled off and the thin §,+ 1,4+ I" and
I+ I layers remained on the steel. Under further applied strain, the remaining 8,+1I",+I"and I', + T layers were fractured in compression in

the width-direction, followed by powdering and debonding at the I'-substrate interface. In such a two times-compressive fracture process,

coating layers were peeled off. The alumina coating on the aluminum substrate exhibited multiple-fracture perpendicular to the tensile stress

as similarly as the Fe-Zn intermetallic coating. Then, when the coating was thin, the multiply-cracked layer fractured in compression perpen-

dicularly to the tensile axis, accompanied by buckling and wedging, resulting in peeling as similarly as the galvannealed coating.

Key words : galvannealed steel sheet; coating; compressive fracture; peeling; mode Il fracture.
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Fig. 2. Fracture morphology of the Al,O;-coated alu-
minum wire, showing (a, b and ¢) compressive
fracture of the multiply cracked Al,O; layer in the
circumferential direction, which takes place when
the Al,O, layer is thin (8.0 um in this example) and
(d) interfacial debonding, which takes place when
the layer is thick (34 um).
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Fig. 3. Progress of multiple fracture of the galvannealed coating. e;,=(a) 2.0, (b) 4.0, (¢) 10 and (d) 15%.
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Fig. 4. Appearance of the galvannealed coating in the
necked region of the GA steel.
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Fig. 5. Appearance of the galvannealed coating apart from
the necked region of the GA steel.
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Fig. 6. SEM image of the side surface of the strained GA
steel with partially and fully peeled coating. The
dotted circles (A, B and C) indicate the regions
whose chemical composition was analyzed with
EPMA.

Table 1. Results of EPMA analysis and identified exposed
layers for the regions A, B and C indicated in Fig.
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Fig. 7. Schematic representation of (a) mode I-type crack
extension and (b) mode Tl-type interfacial debond-
ing in the composite composed of a cracked mater-
ial A and a non-cracked material B.
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Fig. 9. Schematic representation of the fracture and peeling-off process of the galvannealed coating.
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