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Reaction between Solid Iron and Molten Zinc Containing Aluminium

Yoshinori WAKAMATSU, Takahiro NOGUCHI, Masahiro YAMANE and Fumio NOGUCHI

Synopsis : Ti interstitial free steel specimens with grain size of 50 um in diameter polished with buffs were immersed in molten Zn containing 0.1—

1.0mass% Al for 4 to 3600 s at 733K. Formation and growth kinetics of Fe~Zn and Fe-Al alloy layers was examined metallographically. A

fragmentary &, (f. &,) layer composed of small discrete d, phase particles embedded in a matrix of 1 phase was formed on the surface of the

specimen in molten Zn containing 0.1 mass% Al and its thickness increased with immersion time according to a linear rate law. In molten Zn

containing more than 0.3 mass% Al, a very thin layer composed of small Fe,Al; crystals was formed on the specimen surface, and then an-

other type of small Fe,Al; particles in the shape of lens were formed between the Fe,Al; crystal layer and the specimen. The Fe,Al; crystal

layer disappeared, as the lens-like particles of Fe,Al; phase developed to a layer, the thickness of which increased with immersion time ac-

cording to a parabolic rate law that means the layer growth is controlled by diffusion. In molten Zn containing 0.15-0.25 mass% Al, f. §,

phase was formed between the crystal or diffusion layer of Fe,Al; phase and the specimen. It appears that the formation of f. §, phase is

caused by penetration of the molten Zn through cracks of the Fe,Al; layer.

Key words: hot dip galvanizing; galvannealing; reaction diffusion; Zn—Al melt; Fe—Zn alloy layer; Fe—Al alloy layer.
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Table 1. Chemical composition of iron specimens used
(mass%).
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Fig. 1. Photomicrographs of  cross sections
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(a)—(c) and surfaces (d)—(f) of alloy layers of Fe specimens immersed in

0.1mass%Al-Zn melt at 733K for various periods of time. (a), (d) 36s; (b), (¢) 400s; (c), (f) 3600s.
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Fig. 2. X-ray diffraction patterns from surfaces of alloy
layers of Fe specimens immersed in 0.1mass%Al—
Zn melt at 733K for 400 (a) and 3600s (b).
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Fig. 3. Photomicrographs of surfaces of alloy layers of Fe specimens immersed in 0.15mass%Al-Zn melt at 733K for 36 s (a), 64s

(b) and 400's (c).
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Fig. 4. Scanning electron micrographs and X-ray images of surface of alloy layer of Fe specimen immersed in 0.15mass%Al-Zn
melt at 733K for 100s. (a)—(c) SEM, (d) FeKa, (e) AlK e, (f) ZnKo.
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Fig. 5. X-ray diffraction patterns from surface of alloy
layer of the same Fe specimen as shown in Fig. 4.
(a) before and (b) after removal of 8, phase with
fuming nitric acid.
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Fig. 6. Photomicrographs of surfaces of alloy layers of Fe specimens immersed in 0.2 mass%Al-Zn melt (a)~(c) and
0.3mass%Al-Zn melt (d)—(f) at 733K for various periods of time. (a) 36, (b) 645, (c) 400s, (d) 365, (e) 100, (f) 900s.

Fig. 7. Photomicrographs of cross sections of alloy layers of Fe specimens immersed in 1.0mass%Al-Zn melt at 733K for various
periods of time. (a) 165, (b) 365, (c) 645, (d) 1005, (e) 225, (£) 900s.
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Fig. 8. EPMA line analysis for cross sections of alloy layers of Fe specimens immersed in 1.0mass%Al-Zn melt at 733K for 100s

(a) and 225 s (b).

Fig. 9. Scanning electron micrograph and X-ray images of surface of alloy layer of Fe specimen immersed in 0.2mass%Al-Zn

melt at 733K for 400s. (a) SEM, (b) ZnK e, (c) AlK .
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50um Fe
|

Fig. 10. Photomicrographs of cross sections of alloy layers of Fe specimens immersed in Zn melt containing various amounts of
Al at 733K for various periods of time. (a) 0.15 mass%, 400 s; (b) 0.20 mass%, 3600s; (c) 0.25 mass%, 1800s.

Fig. 11. Scanning electron micrographs and X-ray
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images of cross sections of alloy layer of Fe specimen immersed in
0.25mass%Al-Zn melt at 733K for 1800s. (a), () SEM; (b), (f) FeKa; (¢), (g) AlK; (d), (h) ZnK .
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Fig. 12. Variation of structure of alloy layer with immer-
sion time 7 and Al content C,, of Zn melt for Fe
specimens immersed in Zn melt containing vari-
ous amounts of Al at 733K.

VRS 730.15% DIFAE, IREMRAH400~900 s DFE T Fe-Al
AEMHANEELTASR,A FeZnAEMZTICES Z L,
F 7RO ALVEEE 510.2% & 0.25% DA 1E, 200~400s D
B C Fe-Zn &4 MM LD 5 Z & hbh 5. D Al
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7z
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B TRARLL 72,

(3) BLED AL » 0.3 mass% L DAL, FeAl
KO 5L U A& BT L v KR Fe, Al FH 4% Fe 38 3_E 12 AL
B L. oM TENRS AL B TRIRILL 72, FeAl L
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