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Effect of Crystal Structure on the Lightness of Zinc Electroplated Steel Sheet

Masanari KIMOTO, Mitsuharu YONEMURA, Hiroyuki YASUDA and Yukichi UMAKOSHI

Synopsis : The lightness of Zn surface electrodeposited with different supporting electrolytes was investigated from the viewpoint of crystal structure

and surface morphology using EBSP, AFM and GIXD (Grazing Incidence X-ray Diffraction) techniques. In pulsed current electrolysis con-
taining sodium sulfate for supporting electrolyte, the lightness decreased according to crystal growth of Zn. On the other hand, the lightness
remained almost constant in electrolysis containing aluminum sulfate. As for this difference, the usual positive correlation between lightness
and preferred orientation of Zn crystal basal plane was not recognized. And GIXD analysis suggested that the crystallographic c axes of Zn
electrodeposit using sodium sulfate and aluminum sulfate were roughly oriented perpendicular to the substrate surface, but that there was a
small angle deviation inclined in the particular direction to the surface of Zn electrodeposit using sodium sulfate. In contrast, the particular
directional deviation was not observed in the surface of Zn electrodeposit using aluminum sulfate. Furthermore, polarization curves of Zn
electrodeposition suggested that nuclear generation was enhanced by using aluminum sulfate for supporting electrolyte in comparison with
sodium sulfate. From these results, it is presumed that the unregulated crystal growth direction and fast nucleation of Zn crystals with alu-
minum sulfate caused fine crystal grain. And so, Zn surface possessed excellent smoothness due to its fine crystal facet confirmed by AFM
analysis. As a result, it is considered that the lightness is mainly dominated surface smoothness, and that the high lightness of Zn electro-
deposit was obtained using aluminum sulfate.

Key words: zinc electroplating; supporting clectrolyte; lightness; crystal orientation; grazing incidence X-ray diffraction; atomic force microscope; elec-

tron backscatter diffraction pattern.
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Fig. 1. Experimental plating equipment of solution flow
type cell.

Table 1. Bath and plating conditions.

Composition of plating bath

Zinc sulfate (heptahydrate) 1.5mol/L
Supporting electrolyte
Sodium sulfate 0.5mol/L
Aluminium sulfate 0.5mol/L
Plating conditions
Current density
Direct current 40A/dm
Pulsed current;Ton=0.7s,Duty cycle=0.5  40A/dm
Coating weight 2~60g/m
pH 1.8
Bath temperature 50°C
Solution flow rate 1.0m/sec
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Fig. 2. Relationship between thickness and lightness of

electrodeposited zinc by pulsed current electrolsis.
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Fig. 3. Relationship between thickness and lightness of

electrodeposited zinc by direct current electrolysis.
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entation index of electrodeposited zinc.
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Fig. 6. Grazing incident X-ray diffraction measurement
with various incident angles.
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Fig. 7. Grazing incident X-ray diffraction measurement
with different directions.
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Fig. 8. Effect of electrodeposited Zn thickness on crystal

orientation and crystallinity.
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Fig. 9. Orientation imaging micrographs of electrodeposit-
ed Zn obtained by EBSP analysis.

—
(=

—
4

~. Supporting electrolyte
No Addition
L i AL,(SO,),

- - - Na,S0,

107
Zinc nucleation
reduce hydrogen
generation due to
high hydrogen
overpotential on

Cathodic current density (A/sz)

10'3 Zinc ¥
| ! Hydrogen
J_ generation
] ] ] L 1 ]
-1.4 1.2 -1.0 -0.8 -0.6

Electrode potential (V vs Ag/AgCl)
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sition with different supporting electrolyte.
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Fig. 12. Surface roughness profile derived by AFM.
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