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Formation Behavior of Alloy Layer in Initial Stages of Galvanizing

Minoru SAI1TO, Yukio UCHIDA, Toshiharu KITTAKA,
Yusuke HIROSE and Yoshihiro HISAMATSU

Synopsis :

The formation behavior of the alloy layer in the initial stages of galvanizing at 450°C has been
investigated, using ultra low carbon Ti added steel sheet. The formation of Fe-Zn intermetallic compounds
on the steel surface was retarded with the increase of Al content in galvanizing bath. For high Al content
in the bath, Fe,Al; intermetallic compound grew with dipping time. At the same time, diffusion of Zn into
Fe;Al; layer occurred. And furthermore, the outburst phenomenon was observed with the increase of
immersion. The occurrence site of outburst structure corresponded well to grain boundary of the base
steel. FezAls layer formed in the first step of immersion was fractured by the occurrence of outburst and
dispersed in zinc coating. The formation mechanism of the outburst structure which means the initiation of
growth of Fe-Zn intermetallic compounds was discussed.
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Table 1. Chemical composition of steels investi-
gated (mass% ).

Steel C Si Mn P S Sol. Al Ti

Tiadded | 0.002 0.014 0.13 0.013 0.010 0.021 0.082
Al killed | 0.016 0.009 0.19 0.017 0.008 0.040 —
Padded | 0.013 0.015 0.17 0.089 0.007 0.050 -
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Photo. 1. Effects of Al content in galvanizing bath and base steel type on structure of alloy
layer after dipping in bath for 15s.

a) Ti added steel b) Al killed steel c¢) P added steel
Photo. 2. Effects of base steel type on structure of alloy layer after dipping in
Zn-0.18%Al bath for 60s.

a) 450°CX15s b) 450°CX60's
Photo. 3. Surface structure of Fe-Al IMC on Ti added steel after removal of Zn coating
layer, dipped in Zn-0.20%Al bath at 450°C.

12T, Fe-Al £BIEALAYW PRI 1dmass% O Zn  BLTWAI Ldbh b,
NEFLTHN, Fe-Al ZEBILEWH~ Zn B3R Photo. 4 124, Ti @A % i Al #EE 0.18 mass%
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Fig. 1. X-ray diffraction patterns of Fe-Al IMC
on Ti added steel after removal of Zn coating layer,
dipped in Zn-0.20%Al bath at 450°C for 15s and
60 s.

Table 2. Results of XMA analysis of Fe-Al IMC
on Ti added steel after dipping in Zn-0.20% Al
bath at 450°C for 60s {mass% ).
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Table 3. Results of XMA analysis of outburst
structure on Ti added steel after dipping in
Zn-0.18% Al bath at 450°C for 60s (mass% ).

Position™® Fe Al Zn
1 33.8 53.1 13.1
2 34.8 51.6 13.6
3 34.9 51.1 14.0

Position® Fe Al Zn
1 11.0 5.3 83.7
2 10.0 2.8 87.2
3 12.6 0.0 87.4

* Positions shown in Photo. 3b)

* Positions shown in Photo. 5

a) Outburst area b) Fe-Al IMC
Surface structure of outburst and Fe-Al IMC on Ti added steel after removal of
Zn coating layer, dipped in Zn-0.18%Al bath at 450°C for 60 s.

Photo. 4.
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a) SEI
Photo. 5.
ping in Zn-0.18%Al bath at 450°C for 60 s.

B SC2 10 boundary

L10pgm

‘base ‘steel

Photo. 6. Outburst reaction at ferrite grain
boundary on Ti added steel after dipping in
Zn-0.16%Al bath at 450°C for 15s.
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X-ray images of cross section of outburst structure on Ti added steel after dip-
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Distance
Fig. 2. Al, Zn and Fe distribution curves by XMA in Fe,Al; layer dipping in

Zn-0.16%Al bath at 450°C.
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a) SEI b) Zn c¢)Fe d) Al
Photo. 7. X-ray images of cross section of outburst structure on Ti added steel coated with
Fe,Al; layer after dipping in Zn-0.16%Al bath at 450°C for 1800 s.

a) Structure of outburst b) Front structure of outburst
¢) SEI corresponding to d) d) X-ray image of Zn

Photo. 8. Cross section of outburst area and Zn distribution on Ti added steel coated with
Fe,Als layer after dipping in Zn-0.16%Al bath at 450°C for 1800 s.
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Fig. 3. Schematic diagram showing outburst
behavior.
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