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Electrodeposition M echanism of Zinc and Zinc Alloys from Sulfate Baths
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Zinc coating by electrodeposition has been utilized in the production of corrosion-resistant steel sheets. In addition,
binary Zn alloys such as Zn-iron-group metal, Zn-Mn and Zn-Cr electrodeposited from the sulfate type baths provide
excellent corrosion-resistant coatings for the steel sheets used especially as automotive body panels. In the sulfate type
baths, single Zn and Zn alloys can be deposited at higher current densities than the critical one. In this paper, based on
that hydrogen does not evolve at its equilibrium potential, the electrochemical meaning of the critical current density is
discussed. The anomalous deposition behavior of Zn-iron group metal alloys, in which electrochemically less noble Zn
is deposited preferentialy, is explained according to the hydroxide suppression mechanism. Further, the characteristic

deposition behavior of Zn-Mn and Zn-Cr alloysisaso referred briefly.
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Fig.1 Partia polarization curves for hydrogen evolution and
Zn deposition on Pt cathode at 400 . (Electrowinning
bath: ZnSO. 1 mollL, free-H.SO. 1.5 mollL, Sulfate
bath: ZnSO.4 1 molJL, N&SO. 1 mollL, pH 1 and 3)
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Fig. 2 Tota polarization curves during the electrolysis using
Pt cathode in the sulfate baths containing Zn or Mn
ionsat 400 . ((Zn, Mn or N&) SOs 1 mollL, N&SO.
1mollL, pH 1and 3)
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Fig. 3 Relationship between the critical current density and
the minimum hydrogen overpotential on each metal
cathode in the electrowinning bath and Zn sulfate
baths of pH 1 and 3 a 400 . (The composition of
each bath is shown in the caption of the Figure 1)
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Fig. 4 Current density-dependence of the aloy composition and the current efficiency for alloy deposition in
the sulfate baths. (ZnSO. 0.5 mollL, (Ni, Co or Fe) SO, 0.5 mollL, pH 3,400)
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Fig. 5 Current density-dependence of Zn content in the de-
posits and the current efficiency for alloy deposition
in the sulfate baths containing citrate ions. (ZnSO, 0.2
molJL, MnSO, 0.2 moll L, Na-citrate 0.6 molJL, pH
5.6,5000)
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Fig. 6 Effect of PEG on Cr content in the deposits and on
the current efficiency for aloy deposition over a
wide range of current density. (ZnSOs 0.2 moll L,
Crz(S04)3 0.05 mollL, N&SO, 0.2 moll L, PEG 1.0

giL, pH 2.0,400)
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Fig. 7 XPS-spectra of Cr in the deposits obtained at 2 kAl

m? in PEG-free bath (a) and 1.0 g0L of PEG-
containing bath (b).
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