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Reaction between Iron and Molten Pb-Zn

Yoshinori Waxkamatsu, Hirohito Masumoro, Toshitada Sumvozaxt and Masami OnisHi

Synopsis :

Formation and growth kinetics of Fe-Zn intermetallic phases on surfaces of Fe specimens in molten Pb containing 10

mass% Zn at 613 to 693 K were investigated. & phase layer was first formed on the surface and then palisade ¢, T,
I"; and compact 9, phase layers were formed successively with the lapse of annealing time. Incubation times of these

phases decrease with an increase in temperature. Growth of the intermetallic phases does not follow the parabolic rate

law, although their thickness increases with annealing time.

The formation order, incubation times and growth kinetics

of the intermetallic phases are much the same as those in Fe-Zn diffusion couple. The reason why such a result was

obtained can be explained on the basis of the local equilibrium concept in reactive diffusion, because value of Zn
chemical potential in the molten Pb-Zn is nearly equal to that in solid Zn.
Key words : low carbon steel ; protective coating ; hot dipping ; Pb-Zn melt ; Fe-Zn alloy layer ; formation process ; growth kinetics.
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Table 1. Chemical composition of iron specimens
used (mass%).

C Si Mn P S Al N Fe
0.0033 0.16 | 0.006 { 0.003 | 0.018 | 0.0024 | bal.
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Fig. 1. Photomicrographs of cross sections of Fe
specimens annealed in molten Pb containing
10 rr}l{ass% Zn at 613 K for (a)l1.8, (b)8.1 and (c)
57.6ks.

Fig. 2. Photomicrographs of cross sections of Fe
specimens annealed in molten Pb containing
10 mass% Zn at 653 K for (a)3.6, (h)22.5 and
(c)90ks.
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Fig. 3. Classification of microstructures of Fe-Zn
alloy layers formed on surfaces of Fe speci-
mens in molten Pb containing 10 mass% Zn.
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Fig. 4. EPMA line analysis for cross sections of Fe
specimens annealed in molten Pb containing
10 mass?% Zn at 613 K for (a)1.8, (b)8.1 and (c)
57.6ks.
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Fig. 5. EPMA line analysis for cross sections of Fe
specimens annealed in molten Pb containing
10 mass% Zn at 653 K for (a)3.6, (b)22.5 and
(c)90ks.
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Fig. 6. EPMA line analysis for cross sections of Fe
specimens annealed in molten Pb containing
10 mass% Zn at 693 K for (a)3.6, (b)14.4 and
(c)57.6ks.
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Fig. 7. Relationship between thickness of Fe-Zn
intermetallic phase layers and annealing
time at 613 K. # and £ represent formation
times of P.4, and I' layers, respectively and
% beginning time of 1st rapid growth of P.d,
layer in Fe-Zn diffusion couple.
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Fig. 8. Relationship between thickness of Fe-Zn
intermetallic phase layers and annealing
time at 653 K. £ represents formation time
of C.4; layer in Fe-Zn diffusion couple.
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Fig. 9. Relationship between thickness of Fe-Zn
intermetallic phase layers and annealing
time at 693 K. £ represents beginning time
of 2nd rapid growth of P.d; layer in Fe-Zn
diffusion couple.
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Fig. 10. Temperature dependence of ¢ (¢: 1~5)
compared with the result in Fe-Zn diffusion
couples. 4, % and ¢, represent formation
times of P.d,, I and C.d; layers, respective-
ly. 4 and % represent beginning times of 1st
and 2nd rapid growth of P.d; layer, respec-
tively.
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