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Changing Process from I"- Fe-Zn Phase to Al-Fe Intermetallic Compounds in Molten Zn—5mss%Al Alloy Bath

Yukio UCHIDA, Atsushi ANDOH, Atsushi KOMATSU and Koji YAMAKAWA

Synopsis : Following the previous report, it has been investigated the changing process from Fe-Zn intermetallic compounds (IMCs) to Al-Fe IMCs ina

molten Zn-Smass%Al alloy at 450°C.

I Fe-Zn phase changed directly to Zn-containing Al Fe, at an extremely high rate. I” phase had a strong orientation of {110} plane paral-

lel to the steel surface, but Zn-containing AlsFe, had not a significant orientation. And a special orientation relationship between I' phase and
AlFe, could not be found. Combining these results with the previous results on the changing process from {-Fe-Zn phase (two steps reac-

tion; {-Fe-Zn phase—Al-Fe-Zn amorphous phase—AlsFe,),

tion or the two steps reaction depends on the Fe atomic conce

it is considered that whether Fe—Zn IMCs change to AlFe, by the direct reac-
ntration of these IMCs. After the whole of I™-Fe-~Zn layer changed to Zn-con-

taining AlsFe,, Al;Fe, layer peeled off the steel substrate, This is considered to be due to that a Zn-rich phase which had been formed like a

chain in Zn-containing AlsFe, layer changed to voids by the o

uter diffusion of Zn in this phase. The Zn-rich phase is understood to be formed

by the concentration of Zn discharged from I'- Fe-Zn phase during changing to Zn-containing AlsFe,.

Key words: hot-dip coating; Zn—Al coating; Al-Fe intermetallic compounds: AlsFe,; Fe-Zn intermetallic compounds; I"*Fe—Zn phase.
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Fig. 1. Cross-sectional structures of coatings obtained by immersing HDG-3M specimen in Zn-5mass%Al bath at 450°C.

a) Before immersion (as HDG-3M specimen) b) Immersion time; 10's
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TDDHS>ERPIRALTEHEL-ZED MBI NS,
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¢) Immersion time; 20 s

Fig. 2. Cross-sectional structure at near the interface be-
tween coating and steel substrate. (Immersing
HDG-3M specimen for 10s in Zn—S5mass% Al
bath at 450°C)

Table 1. Results of XMA analysis of reacted products at
near the interface between coating and steel sub-
strate. (at%)

Position* Al Fe Zn
1 61.0 16.3 22.7
2 62.9 18.4 18.7
3 63.7 29.2 7.1
4 62.6 28.1 9.4
5 1.0 30.9 68.1
6 0 97.6 2.4

*Positions shown in Fig.2.
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Fig. 3. Cross-sectional structures of coatings obtained by
immersing EGA-3H specimen in Zn-5mass%Al
bath at 450°C.

a) Before immersion (as EGA-3H specimen)
b) Immersion time; 1s
¢) Immersion time; 5 s

Table 2. Results of XMA analysis of reacted products in
coatings obtained by immersing EGA-3H speci-
men in Zn-5mass%Al bath at 450°C. (at%)

a) Before immersion(as EGA-3H specimen)

Position* Al Fe Zn
1 - 31.9 68.1
2 - 32.1 67.9

b) Immersion time; 1s

Position* Al Fe Zn
1 62.2 27.7 10.1
2 63.4 28.0 8.6
3 9.7 28.4 61.9
4 1.1 31.1 67.8

¢) Immersion time; 5s

Position* Al Fe Zn
1 67.9 25.7 6.4
2 63.2 29.4 7.4
3 58.5 30.4 11.1

*Positions shown in Fig.3a,b and c.
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Fig. 4. X-ray diffraction patterns of reacted layer form-
ed by immersing EGA-3H specimen in Zn-—
Smass%Al bath (Cu-target, 40 kV-150 mA).

a) Before immersion (as EGA-3H specmen)
b) Immersion time; 1 s
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EGA-3HOD X#EIIT A 51k, I'Fe-ZnfHDE 4 DE A 5
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Zn—-Smass%AlVIR T ZRIHTEDL S B & T 5L | AlFe,
I ELIZHOWERAEZEVWEDERRTX S, kb,
$Fe-Zn M 2L L THER & 172 AlFe, & [E8k, I'Fe—Zn
M 62U 7= AlFe, DEHTE — 2 LKA 7 L L
THY, AlFe,fidmn T, BHATHWAS EHEREh 3B,
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Sfeél substrate

Fig. 5. Cross-sectional microstructure at near the coating/steel substrate interface obtained by immersing HDG-3M specimen for
10's in Zn—5mass%Al bath at 450°C.

a) TEM bright field image. Position 1; 63.2% Al, 28.5% Fe, 8.3% Zn, Position 2; 62.6% Al, 30.7% Fe, 6.9% Zn, Position
3; 1.2% Al, 31.4% Fe, 67.4% Zn (at%, TEM-EDX)

b) Diffraction patterns from AlFe, at position 1 in Fig. 5a.

c) Diffraction patterns from Al;Fe, at position 2 in Fig. 5a.

d) Diffraction patterns from I'-Fe—Zn at position 3 in Fig. Sa.

Al;Fe, phase

Fig. 6. TEM bright field image (a) and high resolution image (b at area A in Fig. 6a) at the Al Fe,/I"Fe—Zn interface. (Immersing
HDG-3M specimen for 10 s in Zn—5mass%Al bath at 450°C)
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Fig. 7. Void formation at near the interface between AlFe,
layer and steel substrate. (a, b and ¢ are at different
positions of coating obtained by immersing HDG—
3M specimen for 13s in Zn-5mass%Al bath at
450°C.)
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F DO R Zn-Smass%ALA 12 % 13 B {-Fe-ZntH D
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FLUTALFe, It T2 Ex 6N 5, KR, B#Zn-
Smass%AlB Iz % L C SHNZL L e, (D5
SLEMNLBEIER IS,
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RN 2 BUB| 247 5 97 7 e JEIARGSE A B L T 5,

(4) TH»SZEL 2 ALFe, BOFK» & D#E I,
AlsFe, FEH O GBI A IRIZA B U 72 Znrich #IZ K A R A8
BREND ZLicksd, 2oL, TEOEEY 5 AlFe,
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