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Growth Behavior of Alloy Layer in Hot-dip Zn-5~30 mass% Al Coating
Yukio Ucnma and Koji Yamakawa

Synopsis

: The growth of the alloy layer formed in a hot-dip Zn-5~30 mass% Al coating has been studied by gas-reducing coating

and fluxing coating methods. The growth of the alloy layer occured at a bath temperature above 520°C even in a short
time immersion (1~>5s), and is accelerated with increasing the Al content in the bath and raising the bath temperature.
The grown alloy layer consists of Al-Fe intermetallic compounds (mainly AlsFe, phase containing 6.7~7.8 at%Zn), and
Zn phase (94~95 at%Zn) solidified at cavities in Al-Fe intermetallic compounds. In similar to Al;Fe, phase formed in
a hot-dip aluminizing, this Zn-containing Al;Fe, phase formed in the hot-dip Zn-5~30 mass2Al coating has also a
strong orientation of (002) plane and grows even in a vertical direction to the steel surface. However, in the hot-dip
Zn-5~30 mass% Al coating, Al-Fe intermetallic compounds grow preferentially at ferrite grain boundaries of the steel

substrate where Zn has diffused.

It is considered that the grain boundary diffusion of Zn to the steel substrate has a great influence on the growth of

the alloy layer.
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Fig. 2. Effects of immersion time and Al content in
bath on alloy layer growth in hot-dip Zn-5
~30 mass2%Al coating. (Gas-reducing
method, Bath temp.; 550°C)

Fig. 1. Cross-sections of hot-dip Zn-5, 15 and 30 mass%Al coatings obtained at vaious bath temperatures.

(Gas-reducing method, Immersion time ; 5 s)
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Table 1. Results of XMA ahalysis of alloy layer in
hot-dip Zn-15 mass%Al coating. (at%)

(a)Gas-reducing method (b)Fluxing method(water-quenched)

Position* Al Fe Zn Al/(Al+Fe) Position* Al Fe Zn Al/(Al4Fe)
1 61.6 30.2 82 67.1(%) 1 62.6 29.3 81 68.2(%)
2 0.9 958 33 - 2 09 9.9 32 -
3 655 261 84  Ti5 3 646 267 87 707
4 0.8 41951 - 4 1.8 3.7 943 -
5 65.7 274 69 706 5 65.7 256 87 719
6 61.7 189 194 766 6 62.6 183 191  77.34

*positions shown in Fig. 3 (a) and (b).
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b) Fluxing method(water-quenched)

Fig. 3. Cross-sectional microstructures of Zn-15 mass%Al coatings prepared by two hot-dip coating methods.

(Bath temp,; 520°C, Immersion time ; 5 s)
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Fig. 4. Cross-sectional microstructure of alloy
layer after dissoluving overlay of Zn-15 .
mass%Al coating. (Gas-reducing method, a) at the interface between Al-Fe -
Bath temp.; 520°C, Immersion time ; 5 s) IMC and steel substrate.

b) at the front of wedge-shaped
Al-Fe-IMC (enlarged{a)).

Table 2. Results of XMA analysis of alloy layer Fig. 6. Microstructure at interface between Al-Fe
after dissoluving overlay of Zn-15 mass% IMC and steel substrate. (Zn-15 mass%Al
Al coating. (at%) coating, Fluxing method, Bath temp.; 520°C,
Immersion time; 5 s)
Position* Al Fe Zn Al/(Al+Fe)
; 6‘;’2 ‘3;3 é; 66_'4(%) Table 3. Results of FE-SAM analysis at front of
) . . _ _ %
3 66.6 97 4 6.0 709 wedge-shaped Al-Fe IMC. (at%)
4 67.7 27.1 52 714 Position* Al Fe Zn Al/(Al+Fe)
5 69.7 26.0 4.3 72.8
6 70.4 25.0 4.6 73.8 1 51.3 41.6 7.1 55.2
7 75.3 22.0 2.7 77.4 2 0 82.8 17.2 -
*Positions shown in Fig. 4. *Positions shown in Fig. 6 (b).
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Fig. 5. X-ray diffraction patterns of alloy layer after dissoluving overlay of Zn-15 mass%Al coating.
(Gas-reducing method, Bath temp ; 520°C, Immersion time; 5 s)
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Fig. 7. Penetration of Al-Fe IMC to ferrite grain
boundary of steel substrate. (Zn-15 mass%
Al coating, Fluxing method, Bath temp.; 520
°C, Immersion time ; 5 s)
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