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Relation between Cracking of Intermetallic Coating Layer of Galvannealed Steel Sheet and
Grain Boundary of Substrate Steel

Toyomitsu NAKAMURA, Shojiro OCHIAL Sohei IWAMOTO, Daiki ADACHI and Hiroshi OKUDA

Synopsis

: Multiple cracking behavior and its relation to the grain boundary of the substrate steel were investigated. The crack spacing and its distribu-

tion of the specimens strained to prescribed strains were observed with a scanning electron microscope. The crystallographic orientation of

the substrate grains was estimated from the electron back scattering pattern. The images of the cracks of the coating layer and grain bound-

aries of the substrate steel were combined together with image processing software to know whether the cracking of coating layer initiates

above the substrate grain boundaries or not. The main results are summarized as follows. (1) The cracking of the coating layer initiates in the

regions just above the substrate grain boundaries. (2) The cracks that initiate above the substrate grain boundaries propagate transversely:

namely they propagate into the region, below which no substrate grain boundary exists. (3) It was suggested the cracking of the coating layer

initiates above the small angle grain boundaries or above the grain boundaries intact to the grains with large Schmid factors. (4) In the multi-

ple cracking process of the coating layer, the similarity of the crack spacing distribution to the grain boundary spacing distribution is kept.

Key words : galvannealed steel sheet; coating layer; crack; crack spacing; grain size.
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Fig. 1. Example of the drawn lines for measurement of
crack spacing and drawn lines-encountered cracks.

Fig. 2. Example of the grain boundaries of the substrate
steel. Open circles show the grain boundaries at the
interface between the coating layer and substrate
steel.
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Fig. 3. Surface of Sample P (applied strain: parallel to the rolling direction) strained to 10%. (a) Before etching. (b) After ctching.
(c) Grain boundaries of the substrate steel at the interface between the coating layer and substrate steel, extracted from (b)
with image processing software. (d) Composite image of the coating cracks and substrate grain boundaries. This image
was composed from the images of the cracks in (a) and grain boundaries in (c). (¢) and (f) Examples of the composite
image, showing the relation of type A and B cracks to grain boundaries, respectively.
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Fig. 4. Schematic presentation of the cracking process of
the coating layer in relation to the grain boundaries
of the substrate steel.
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Fig. 5. Orientation imaging map of the substrate steel
measured by EBSP for the cross section (a) parallel
and (b) perpendicular to the tensile direction of
Sample P (parallel to the rolling direction) strained
to 10%, on which SEM image is superimposed to
show the location of cracks.
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Table 1. Results of EBSP measurement.
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Table 2. Results of type A crack spacing and grain bound-
ary spacing measurement.

Sample L
Strain (%) | Sample number | Average crack | Standard deviation
spacing (um) | (um)

2 77 50.4 29.8

4 92 440 23.6

10 80 374 241

15 142 289 15.8

20 150 26.5 12.0

Grain 126 10.3 5.30

Sample P (applied strain: parallel to rolling direction)
Strain (%)

Sample number | Average crack | Standard deviation

spacing (wm) | (um)

102 223 135

111 215 9.8

10 131 16.7 7.3

15 156 15.5 7.1
20 167 14.3 7.6
33 204 105 5.1
Grain 136 9.0 4.5

Sample P (applied strain: perpendicular to rolling direction)

Strain (%) | Sample number | Average crack | Standard deviation
spacing (um) | (um)
112 21.8 12.1
129 18.8 10.5
10 139 17.3 8.0
15 165 14.5 7.4
20 183 12.9 7.8
23 190 11.5 6.0
Grain 152 8.6 45
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Fig. 6. Distributions of the type A crack spacing and grain
boundary spacing at the interface in (a) Sample L,
(b) Sample P (applied strain: parallel to the rolling
direction) and (c) Sample P (applied strain: perpen-
dicular to the rolling direction).
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