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Effect of Crystal Orientation of Steel Substrate on the Morphology of Zinc Electrodeposit

Hiroaki Nakano, Kuniyasu Araca, Masatoshi Iwar and Junzi Kawaruxku

Synopsis :

The effect of crystal orientation of steel substrate on the morphology of zinc electrodeposit was investigated by using
the polycrystal commercial low carbon Al-killed steel sheet and the sulfate bath under the current density of 50-150
A/dm?. The morphology of zinc deposit changes according to the crystal orientation of steel sheet,and the morphology
can be classified into 3 types by the angle a between the sheet surface plane and the {110} Fe plane. When « is less
than about 20°, zinc electrodeposits grow heteroepitaxially with Burgers’ orientation relationshp, i.e. (0001) Zn/ (110)
Fe up to the coating weight of 20g/m?(Type I). When a is between about 20°and 30°,secondary random zinc
electrodeposits begin to grow on the initial heteroepitaxial Zn basal plane that follows the Burgers’ relationship (Type
II). When a is larger than about 30°, Burgers’ relationship doesn’t meet the case. Flat (0001) Zn plane initially grows
parallel to the sheet surface plane, then separate Zn basal planes grow randomly on the initial plane on the slant (Type

1.

Key words : morphology of zinc electrodeposit ; crystal orientation of zinc electrodeposit ; heteroepitaxy ; Zn basal plane ; Burgers’

relationship.
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Table 1. Chemical compositions of specimen(%).

C Si  Mn P S Al
0.05 0.01 0.20 0.015 0.015 0.045

Table 2. Bath compositions and plating conditions.

[tem Range
Bath ZnS04TH,0 1.20
compositions | Na,S04 0.56
(mol/1) H2S04 0.31
Current density(A/dm?) | 50, 150(50)
Plating Stirrer(r.p.m) 600
conditions Temperature(°C) 60

Coating weight(g/m*) | 20

(" ):Standard conditions
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(a) Steel substrate

(b) Zinc electrodeposit
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Fig. 1. Surface morphology of steel substrate and zinc electrodeposit (50A/dm?, 20g/m?).
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Fig. 2. Surface morphology of zinc electrodeposits on (211) Fe plane (50A/dm?, 20g/m?).
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Fig. 3. Surface morphology of zinc electrodeposits on steel substrate (50A/dm?, 20g/m?).

Fig. 4. Method to measure angle between zinc
(0002) plane and steel substrate.

Table 3. Angle between zinc (0002) plane and steel

substrate.
Substrate | Angle between (110)Fe | Angle between (0002)Zn
and substrate (degree) | and substrate (degree)
(221)Fe 19.5 15~20
(554)Fe 29.5 25~30
(211)Fe 30.0 30~35
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Fig. 5. Orientation index of zinc electrodeposits on
steel substrate (50A/dm?, 20g/m?).
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Fig. 6. Effect of crystal orientation of steel substrate on the morphology of zinc electrodeposit (50A/dm?, 20g/m?).
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Fig. 7. Surface morphology of zinc electrodeposits on steel substrate (150A/dm?, 20g/m?).

Fig. 8. Surface morphology of zinc electrodeposits on steel substrate (150A/dm?, 20g/m?).
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Fig. 9. Schematic drawing of transform from
epitaxial growth to random growth.
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