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Morphology Control of Zinc Deposits of Electrogalvanized Steel Sheets

Hiroaki NAKANO and Hisaaki FUKUSHIMA

Synopsis : The visual appearance, press formability and the corrosion resistance of electrogalvanized steel sheets change depending on the morphology
of deposited Zn. In this paper, the effects of plating factors such as the surface condition of steel substrate, electrolysis factors and the bath
condition on the morphology of deposited Zn were systematically discussed both from a crystallographic viewpoint of the epitaxy between
Zn/steel and from an electrochemical viewpoint of the overpotential for Zn deposition. The crystal orientation index of Zn basal plane and
the crystal size of Zn are decreased with increasing the overpotential for Zn deposition. They are also decreased with decreasing the epitaxy
between Zn/steel even when the overpotential is kept constant. When the overpotential for Zn deposition is increased, the surface roughness
of deposited Zn becomes larger because of an increase in the inclination of Zn basal plane to steel substrate. When the epitaxy between
Zn/steel is decreased without changing the overpotential, the surface roughness becomes smaller because of the decrease in crystal size of Zn

although the inclination of Zn basal plane is somewhat increased.
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Table 1. Effect of crystal orientation on the several proper-
ties of electrodeposited Zn.

Preferred Appearance Press Formability Corrosion Resistance
Orientaion [ . Coefficient |Deformation  |Corrosion |Paint
of Zn Lightness |Brightness | o i tion |R ponse of Zn |Current | Creepbacl
Decrease
(0001) Increase |Increase |(1(67.9) Cracking Decrease [No Change
D@.@) | D@ | Increase | (5)(6) 12) (11),(13)
_ @11
(1013) Increase _ _ Deformation _ _
122 ©) )
(1010) Cracking Increase [No Change
(1120) - - N S) (12) (11),(13)
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Fig. 1. Surface morphology of steel substrate and Zn elec-
trodeposited in the sulfate bath.*?)
(a) and (b) were observed in the same area.
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Fig. 2. Effect of crystal orientation of polycrystalline steel
substrate on the morphology of Zn electrodeposit-
ed in the sulfate baths (5000A/m?).*>)
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Fig. 3. Schematic representation of Zn deposition on Fe
microsteps induced bg/ the crystallographic orienta-
tion of the substrate.”®
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Fig. 4. Effect of plating factors on the morphology of elec-
trodeposited Zn.*” (Standard condition: ZnSO, 1.2
mol/l, Na,SO, 0.56 moV/, H,SO, 0.31mol/l, 10*
A/m?, 1.3 m/s, 60°C)
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Fig. 5. Effect of plating factors on the Zn/Steel epitaxy de-
gree of electrodeposited Zn.?” (The plating condi-
tion is shown in the caption of Fig. 4).
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Fig. 6. Effect of plating factors on the orientation index of
electrodeposited Zn.>” (The plating condition is
shown in the caption of Fig. 4)
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Fig. 7. Effect of additives in bath on the morphology of
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Table 2. Effect of additives on the cathode potential for Zn
deposition and (0001)Zn orientation index of
electrodeposited Zn.283%

Cathode  [(0001)Zn
Additive potential  [orientation
(V vs. NHE) |index

Free — -0.782 29
Fe?* 10#mol/l]  -0.780 2.9
MoQg# | 104 mol/l}  -0.772 39
Ci?* 104mol/l] -0.779 22
Oxyethylene]  10ppm -0.784 22
” 1000ppm -0.893 0.6
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Fig. 8. Effect of Ni pre-coating and crystal grain size of
steel sheet on the morphology of electrodeposited
Zn.*Y (The plating condition is shown in the cap-
tion of Fig. 7.)

Table 3. Effect of Ni pre-coating and steel grain size on
the cathode potential for Zn deposition and
(0001)Zn orientation index of electrodeposited

Zn. Y
Ni pre- | Grain size| Cathode (0001)Zn
coating | of steel potential | orientation
(mgim?){ (1 m) (V vs. NHE)| index
0 156 -0.782 29
10 15.6 -0.782 1.8
0 88 -0.780 14
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Fig. 9. Effect of plating factors on the morphology of Zn
electrodeposited on the steel in the sulfate baths.
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