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Electrogalvanizing Reactions and Grain Refinement in a Chloride Solution
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Electrode reactions and electrodeposited morphologies of an electrogalvanizing in-
terface in a concentrated zinc chloride solution at 60°C have been studied by
galvanodynamic polarization and AC impedance measurements and SEM observa-
tions as a function of the current density and a grain refining additive. The
electrogalvanizing without the additive has been under the mixed control of charge
transfer and diffusion of zinc ion over all the current range up to the limited gal-
vanizing current, leading to coarse, irregular and blocky type of electrodeposits.
Addition of a small amount of the additive makes the electrode reactions under the
adsorption of the additive and the formation of kink site besides the charge trans-
fer at low current density, resulting in nucleation-controlled electrodeposits. With
increasing current density, the adsorption of the additive diminishes rapidly, the
kink site formation decreases gradually and the electrogalvanizing is influenced
gradually under the diffusion of zinc ion, resulting in growth-controlled large
crystalline electrodeposits but still smaller than those formed without the additive.
The addition of the additive increases the charge transfer resistance, so inhibits the
electrogalvanizing. The AC impedance technique has been shown to be a powerful
method in revealing detailed electrode reactions and in their interpretation.

Keywords . electrogalvanizing, chloride solution, galvanodynamic polarization, impedance,
SEM observation, mixed control, charge transfer, diffusion.
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Fig. 2. Cathodic  galvanodynamic  polarization
curves of an electrogalvanizing interface in the
quiescent pH 2 chloride solution at 60°C as a func-
tion of the additive concentration.
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Fig. 3. Cathodic galvanodynamic polarization
curves of an electrogalvanizing interface in the
quiescent pH 4 chioride solution at 80°C as a func-
tion of the additive concentration.
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Fig. 4. Impedance diagrams of an electrogalvaniz-
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Fig. 5. SEM micrographs of electrogalvanized surface in the pH 2 chloride solution without an additive at the
current density {(a) 5.0, (b} 50, (c) 100, and (d) 180mA/cri, respectively, for 22 minutes.
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Table 1. Extracted Values of Charge Transfer
Resistance and Double Layer Capacitance of
Electrogalvanizing Interface without an Additive
from Fig. 4

CD.(mA/cm®) R($xm?) f(Hz) Cgq(i4F/cm?)

5.0 1.30 6,300 194
50.0 0.33 10,000 48.2
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Table 2. Extracted Values of Charge Transfer
Resistance and Double Layer Capacitance of
Electrogalvanizing Interface with the Additive
from Fig. 6

C.D.(mA/em?) R(2m?) f(Hz) Cu(F/cm?)

5.0 4.89 630 51.5
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Fig. 7. SEM micrographs of electrogalvanized surface in the pH 2 chloride solution containing 0.25mé/ ¢ of
the additive at the current density (a) 5.0, (b} 50, (¢) 100, and (d) 180mA/cnf, respectively, for 22 minutes.
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