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Effect of Polyethylene Glycol on the Morphology of Zn Electrodeposited on Steel Sheet

Hiroaki NAKANO, Satoshi OUE, Toshiyuki MIK1, Shigeo KoBavasHI and Hisaaki FUKUSHIMA

Synopsis : Zn electrodeposition was carried out on a steel sheet galvanostatically at 1500 A/m? in un-agitated sulfate solution of 40°C to investigate the

effect of Polyethylene Glycol (PEG) addition on the morphology of Zn. In situ observation by atomic force microscopy showed that the
growth of deposited Zn proceeded through the advance of macro-steps in platelet crystals to the [2130] direction. The addition of PEG to the
solution brought about a decrease in size and macro-step height and an increase in inclination of platelet crystals of deposited Zn. In PEG-
containing solution, the crystal orientation index of (0001)Zn decreased, while those of (1 120), (1011), (IOTO)Zn correspondingly increased.
This change in the crystal orientation generally corresponds to the macro morphology of deposited Zn. The surface roughness of initially

deposited Zn was larger in PEG-containing solution than in PEG-free solution due to the decrease in orientation index of (0001)Zn. However,

with increased coating weight, the roughness was smaller in PEG-containing solution due to the decrease in size of Zn platelet crystals.
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Table 1. Electrolysis conditions.

ZnSO4 + 7TH20 (mol/L) 1.20
Bath | NasO4 (mol/L) | 0.56
Composition
H2S04 (mol/L) 0.31
Polyethylene glycol (g/L)| 0.1
Current density (A/m2)  [50~7000] 1500]
Temperature (C) 40
Operating | Coating weight (g/m2) 5~250
conditions | Cathode (cm2) Fe(l X2)
Anode (cm?) Pt(1 X2)
Quiescent bath

| |: standard condition
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Fig. 1. Electrochemical AFM in situ observation images
of Zn deposited on the commercial electrogalva-
nized steel sheet in PEG-free solution. (a) Com-
mercial electrogalvanized steel sheet. (b) After Zn
deposition on the commercial electrogalvanized

steel sheet
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Fig. 2. Partial polarization curves for Zn deposition from
PEG-free and PEG-containing solutions.
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Fig. 3. SEM images of Zn with various coating weights
deposited from PEG-free solution.
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Fig. 4. SEM images of Zn with various coating weights
deposited from PEG-containing solution.
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Fig. 5. AFM images (a), the schematic diagram (b) and
the two-dimensional surface roughness profile (c)

of deposited Zn.
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Fig. 6. Effect of PEG on the inclination of platelet crystals

of deposited Zn.
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Fig. 7. Effect of PEG on the height of macro step of de-
posited Zn.
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Fig. 8. Schematic representation of Zn deposition on Fe
micro steps induced b?/ the crystallographic orien-
tation of the substrate.””
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Fig. 9. Effect of PEG on the particle size of deposited Zn.
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Fig. 10. Crystal orientation of Zn deposited from PEG-
free solution (a) and PEG-containing solution (b).
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Fig. 11. Effect of PEG on the surface roughness of de-

posited Zn.
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