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Alloying Reactions and Coating Microstructure in Continuous Galvanizing and Galvannealing Process

Jun-ichi Inacaki, Michitaka Saxurar and Toyofumi WATANABE

Synopsis :

The iron-zinc alloying reactions which take place during hot dip galvanizing and galvannealing processes were
investigated with special reference to the formation and growth behavior of Fe-Zn intermetallic compounds. The SEM
observation and X-ray diffraction analysis of the intermetallic compounds which had formed on laboratory galvanized
Ti stabilized interstitial free steel and low carbon Al killed steel sheets showed that there were two types of elementary
Fe-Zn alloying reactions ; one was the formation of § or ¢, crystals and another was so-called outburst reaction. The
¢ crystals nucleated on the Fe-Al intermetallic compound which had been formed on the steel surface and grew into
the melt as a single phase crystal, while the outburst structure generated as a result of direct reaction between iron and
molten zinc and grew as a multi-phase structure (§, 6, and T" phases ). The §-phase was generated only at the
isothermal galvannealing temperature of below 773K, and it was explained in terms of the Zn-Fe equilibrium phase
diagram (peritectic temperature of §-phase). The effect of solute element in steel on the thickness of I'-phase was
explained by its suppression effect toward the outburst reaction.
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Table 1. Chemical composition of steels.(mass%)

Marks C Si Mn P S SolAl N Ti

0.13 0.011 0.014 0.018 0.0025 0.068
0.19 0.021 0.022 0.019 0.0024 -

Ti-IF [0.0024 0.01
AK (0.045 0.01
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Fig. 1. Typical morphology of intermetallic com-
pounds formed during galvanizing.
Ti-IF, immersion period : 3s, (a) Fe-Al intermetallic com-
pound, (b)§ crystal, (c) &, crystal, (d)outburst structure
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Fig. 2. Effects of bath temperature and Al content
in bath on formation of intermetallic com-
pounds during galvanizing.

(a) Ti-1F, (b) AK, Immersion period : 3s,
FeAl: Fe-Al intermetallic compound, §: § crystal, &, : d;
crystal, OB : outburst structure
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Fig. 3. Isothermal alloying behavior at 723K for
continuously galvanized Ti-IF (Arrows: I’

phase).
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Changes of X-ray diffraction intensities for
E(@: d=1900A) and & (A: d=1.9904)
during isothermal galvannealing at (a) 723K
and (b)773K.

Fig. 4.
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Fig. 5. Columnar § crystals formed on Fe-Al inter-
metallic compound during galvanizing.
(a) Ti-IF, 0.12mass%Al bath, 733Kx3s immersion, (b) Ti-
IF, 0.16mass%Al bath, 733Kx60s immersion
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Fig. 6. SAM line analysis for the cross
section of columnar ¢ crystal.

Fig. 7. Cross sectional view of columnar &crystal
grown by the subsequent isothermal alloying
treatment at 723K for 30s
Ti-IF, 0.16mass%Al bath, 733Kx10s immersion
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Fig. 8. Formation and growth behavior of
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Fig. 9. Changes of average thickness of I' layer
during alloying treatment at 773K.
M : Ti-IF, []: AK, 0.13mass%Al bath, 733K immersion
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Fe-Zn intermetallic compounds in
relation to alloying temperature.
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