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Rate Controlling Process of Intermediate Phase Layers
Growth in Hot Dip Galvanizing

Synopsis :

Yoshinori WAKAMATSU and Masami ONISHI

In hot dip galvanizing reaction, as previously reported, iron-zinc intermediate phase layers are formed
successively in the order of the {, palisade §,, I", I"; and compact g, phases, and their growth does
not follow the parabolic law. In order to speculate rate controlling process in the galvanizing reaction,
in this paper, growth curves of the intermediate phase layers formed by galvanizing reaction at 460°C
are calculated numerically using Wagner’s diffusion equation on the moving velocity of phase boundary.

The results obtained are as follows:

(1) The calculated growth curves fit well with those obtained experimentally in a previous study.

(2) The characteristic growth kinetics of palisade 3, layer, decrease in growth rate accompanied by
formation of compact &, layer and twice rapid growth after appearances of /' phase layer and of
compact g, layer, could be explained by use of Wagner’s equation.

(3) The growth rate of the intermediate phase layers in galvanizing reaction seems to be controlled

by diffusion process,
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Fig. 1. Schematic c-x curve of diffusion layer.
Intermediate phases i, j and k formed in A-B
binary diffusion couple.
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Fig. 2. Boundary concentrations of /°, ['}, C.4,,
P.3;, and { phase lavers at 460°C. The sub-
scripts Fe and Zn denote the iron and zinc rich
boundaries of intermediate phases, respectively.
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Fig. 3. Concentration jumps at phase boundaries

4Cj, and concentration ranges of intermediate
phases 4Cj used for numerical calculation.
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Fig. 4. Arrhenius plots used to estimate the dif-
fusion coeflicients of {, §,, I, and I" phases at
460°C. The numbers in parentheses indicate iron
concentrations (at% Fe) of intermediate phases.
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Fig. 5. Diffusion coefficient of 4, phase at 460°C.
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Fig. 6. Diffusion coefficients at phase boundaries
Djy used for numerical calculation.
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Table 1. Initial values used for numerical
calculation.
Time (min) We () We (p) We ()
0.10 9.11 0.08 —
5. 20 28.2 6. 68 5,31

Table 2. Stepwidth used for numerical calculation.

Time range (min) Stepwidth (min)

1. 00x 107! — 2. 70x 10! 6. 67 x 10~

2.70x10™ — 1.10 3.33x10™*
1.10 — 3.25 1.67x10°*
5.20 — 8.85x10 6.67x10°2

8.85x10 — 2.42x10% 1.67

2, 42x10% — 6.58x10? 3.33

6.58x10% — 2,18x10* 1.08x10

—— Calculated

-—- Experimental

I
/ 2 3 4
Log ¢t (t:min)

Fig. 7. Numerically calculated growth curves of
{, P.é,, C. 3, and total phase layers in the reaction
between solid iron and liquid zinc at 460°C.
Dotted lines represent experimental curves.
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Fig. 8. Moving velocities of phase boundaries
calculated from eq.(3).
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EZn iR m (P. 6,/0) AHAICRS HRCEE + %
rowiesn, ts T P.oo Bo Zn fIAEP. 6,/0) &
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5. # ®

BMOEREL Zn HOXRICTHRT 24O B [H
L& O R EMR Y Wagner o FHEBRINHEE A% H
WTEUERENT L, ERoOREHREEE L. 2 hhik
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(1) BEMITC X o>TRE A{LEaWwlEO BRI
KR O F MR & B X {—%T 5.

(2) I@'HMFE# L compact 6, BIZEED 2 i
- % palisade 6, B 2K, X 5k compact 4, |8
OB 5 palisade 6, BoOREFHBEOE T e & Dk
B e RSB L Wagner Ko Lo T X< B T &
%.

(3) ®Hl Zo HOXRIBTHET A {EaHHEO KK
RIBRC L STEEIRS L5 ICBEbhs.
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