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Effects of Galvannealing Conditions on Anti-exfoliation Properties
of Galvannealed Coating in Bead-drawing

Toshio NAKAMORI, Tadashi SAKANE, Chuzoh SUDOH and Atuyoshi SHIBUYA

Synopsis :

Anti-exfoliation properties of galvannealed coatings on extra low carbon Ti-added steel galvannealed
under various heating conditions were investigated by using a bead-drawing test, and the result was
compared with that of a cylindrical cupping test and an adhesive-bonding tensile test.

Exfoliation amounts in the bead-drawing test are not necessarily correlated with those in the cupping test :
regarding {-rich coatings, significant discrepancy between exfoliation amounts in the bead-drawing test and
those of the cupping test was observed, and exfoliation amounts in the bead drawing test were larger than
expected values deduced from the result in the cupping test. {-rich coatings are subject to coating
exfoliation at coating/steel boundary in the bead drawing test as well as in the adhesive-bonding tensile

test.

It was thought that the deterioration of exfoliation resistance of {-rich coatings is attributable to
high frictional coefficient and relatively poor coating adhesion at coating/steel boundary.

Coating

adhesion of {-rich coatings to steel substrate is improved by eliminating ¢ -phase by means of galvannealing

at temperatures below 500°C.

Coating adhesion of 0)-rich ones galvannealed above 550°C was proved very poor in both the bead-
drawing test and the cupping test; in both cases, exfoliation of this type coatings seems to be caused by

bending-unbending deformation.

Key words : galvannealed steel sheet; extra low-carbon steel;

exfoliation ; Zn-Fe alloy.
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Table 1. Chemical . composition of base steel

(wt%).

C Si Mn P S Sol. Al Ti N
0.004 0.012 0.17 0.012 0.005 0.052 0.052 0.0022

3.92kN 33

. Punch
|
@
35, 4mm
Fig. 1. Tool dimensions in cylindrical cupping
test.

Test piece :
width 25mm

— Bead height : 4.2mm

Lubricant : .
— : rust-preventive oil

Drawing speed : 1mm/s

Ground Coated

437 90mm

Fig. 2. Rig of bead-drawing.

Adhesive bond

JIS-5 ZIIE

Fig. 3. Shape and dimensions of test piece
adhesive-bonded for tensile test.

FaES 90mm3| Xk ABICHElo - sHE -
FEI &4 ORBENDOH WIS ICT & 0.1 mm THRY T
7=, HIEEEE PSR L FERE, EEHIC L DAL L.
AR X AMAEIINTY IR OFIKE Fig. 3
R, BERE o= Y (BR)BLo CYBOND % #&&E
a4 3um TRV, FIRABIGHEERBER) R 2t
B |IERERBE & BV, 23°C T 50 mm/min O BB TIT - 7.

3. & 2

3-1 AEEYHR

Fig. 4 (P48 0 3R T 0 R BB & BT Fe
g AeLBEOMGEERT. EETY Fe iRE DM
m, BLEASRELRICXLHAEEOET? 2532
HoHND, 12720, & LR 450°C & 500°C DI
BHEELERITOOAL . BE, o XfFEREOH
ML D HBERLEMT A2 OT, ZOKEICHNT
nif, EEOREVEBETIASLREENRTELT
I Fe i ORBALELEZOND.

Fig. 5 (- [Ifa# 0 BT OB AR E & RIEFIY
Fe if, S LREOBEMBREERT. BHBEAEIRESD
O Fe A 9~12% OB THABBZRL, 5
HELREDRVIGEICHEHZ LS. Thbb, TO#

— 106 —



GBI > & FHO E— FyK & RO R KT T O St o ER

965

0.35

100

= | Galvannealing ° -

i temperature : .(‘

N " °

> 0 : 450°C ;

E | e:s00C ;e

= e : 550°C i

9. r e/

:“3 50+ /

s s

5 " °

- V.

: / ee,e/

5 [ e 856

: 03"

< OM’L N N
; 10 15

Fe content of coating ( wt%)

Fig. 4. Fe content and galvannealing temperature
dependence of powdering amount of galvannealed
coating in the cylindrical cupping test.
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Fig. 5. Fe content and galvannealing temperature
dependence of mauimum load for cup-drawing.
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Fig. 6. Relationship between frictional coefficient
of coating and galvannealing conditions.
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Fig. 7. Effect of galvannealing conditions on

exfoliation amount in the bead-drawing test.
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Fig. 8. Fe content and galvannealing temperature
dependence of X-ray diffraction intensity of
intermetallic compounds. Intensity of Zn (10-0),
FeZny; (221) and FeZn,(14+3) is plotted.
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SEM

Predominant phase in surface layer : a; 7+{(Type A) b; {or §+8 (Type B)
¢; 8y formed at 500°C (Type C) d; 6] formed at 550°C (Type D)

Photo. 1.
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Surface view of galvannealed coatings after the bead-drawing test.
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Predominant phase in the surface layer : a; 7+ {(Type A)
b; {or £+ (Type B)

Photo. 2. Cross-sectional view of galvannealed
coating after the bead-drawing test.

a:Zn-23.9%Fe b:Zn-24.2%Fe
Photo. 3. Steel-side view of Type B{& or £+ ;)
coating detached from substrate by the bead-
drawing test.
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Photo. 4. Plane view of Type D (8, formed at
550°C) coating after the bead drawing test. The
composition at b indicates existance of I '-phase.

Predominant phase in the surface layer : a; { or {+ &; (Type B)
b; & formed at 450°C (Type C)

Photo. 5. Cross-sections of galvannealed steel
after the bead-drawing (etched in HNO3-ethanol).
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Fig. 10. Fe content and galvannealing temperature
dependence of coating adhesion evaluated by means
of the adhesive-bonding tensile test.

Predominant phase in the surface layer of coating:a; { or {+ 8
(Type B) b; 0 formed at 500°C (Type C) c¢; 0 formed at
550°C (Type D)

Photo. 6. Surface view of substrate after adhe-
sive-bonding tensile test.
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