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Electrodeposition behavior of cadmium in an alkaline hydroxyethylidene diphosphonic acid-based bath
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Abstract: [Objective] The electrochemical deposition behavior of cadmium in an alkaline hydroxyethylidene
diphosphonic acid (HEDP) bath was studied, aiming to provide a reference for the development and optimization of
cyanide-free cadmium electroplating technology. [Method] Cadmium electroplating was performed using HEDP as the
complexing agent. The cathodic reduction process, nucleation, and growth mechanism of cadmium in the alkaline HEDP
bath were analyzed through chronopotentiometry, cathodic polarization curves measurement, and chronoamperometry.
[Result] The predominant species of cadmium complex in the HEDP bath with a pH of 11.0-13.0 were CdL?" (where L
represented the HEDP anion). No preceding chemical reaction occurred during electrodeposition, and CdL?>" was directly
discharged and reduced to Cd on cathode surface. The electrodeposition of cadmium in this bath was controlled by both
diffusion and electrochemical steps. The electrocrystallization of cadmium initially followed a three-dimensional
progressive nucleation mode, and then transformed to a three-dimensional instantaneous nucleation mode. [Conclusion|
The cadmium electrodeposition in the alkaline HEDP bath is an irreversible electrode process without pre-treatment
conversion and controlled by both diffusion and electrochemical steps.

Keywords: cyanide-free cadmium electroplating; hydroxyethylidene diphosphonic acid; nucleation mechanism;
electrochemistry
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Figure 1 Distribution fractions of Cd(II) complexes in HEDP bath
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Figure 3 Cathodic polarization curves of cadmium electrodeposition in alkaline HEDP bath at different scan rates
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Figure 4 Relationship curves of ppc—lgv, ipc—v'2, and joc—v for cadmium electrodeposition in an alkaline HEDP bath
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Figure 7 Appearance of cadmium coating electrodeposited in alkaline HEDP bath at different pHs
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Figure 9 Potentiodynamic polarization curves measured in
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in alkaline HEDP bath at different pHs
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Figure 10 Appearance of cadmium coating electrodeposited in alkaline HEDP bath at different temperatures
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Figure 11 Deposition rate of cadmium in alkaline HEDP bath at different temperatures
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