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A B S T R A C T K E Y W O R D S 

The kinetics of anodic dissolutions of gold-silver alloys containing 

up to 20 wt. % silver in hydrochloric acid solutions of varying 

concentrations was investigated using the electrochemical method 

of polarization curves. It was demonstrated that the dependence of 

current on time can be consistently described by models of the 

formation and thickening of a porous silver chloride film, taking 

into account the partial current of silver and its dependence on the 

alloy composition.  
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Introduction  

Lead scrap from battery production, refining scrap from jewelry plants, alloys for dental prostheses, 

special solders, etc. are potential sources for increasing the production of non-ferrous and precious 

metals in the Republic of Uzbekistan. 

Anodic dissolution of gold-silver alloys in hydrochloric acid solutions by electrochemical methods is 

widely used in the refining technology of noble metals using the Wohlwill process [1]. One of the most 

strictly controlled impurities in anodes is silver (its content should not exceed 12% by weight), as 

during dissolution it forms a layer of insoluble silver chloride on the anode, which complicates the 
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refining process. However, in recent years, the share of alloys (e.g., jewelry, dental, and special alloys) 

with a higher silver content in the raw materials for processing has been increasing. Therefore, studying 

the features of electrochemical dissolution of such alloys is a relevant and important task. 

 

Research Methods 

Gold-silver alloys (containing 4 to 20 wt% silver) in the form of cylinders with a diameter of 

approximately 1 mm were prepared from weighed amounts of high-purity gold and silver (99.99%) by 

melting under vacuum in a special graphite container, followed by holding the melt for 3–5 hours. 

The obtained samples were embedded in a Teflon casing and used in a standard device for the 

mechanical renewal of microelectrode surfaces [2]. Anodic polarization curves and current decay 

curves at a given overpotential were recorded using a PA-3 polarograph. 

 

Discussion of Results   

On the anodic polarization curve of pure gold in chloride solutions (Fig. 1, curve 1), in the overpotential 

range of η = 300–600 mV, a steady-state region of active dissolution is observed with a well-defined 

limiting current. The magnitude of this current is proportional to the chloride concentration [3] and to 

the square root of the potential scan rate, indicating that it is a diffusion-limited current governed by 

Cl⁻ anions. 

With further anodic polarization, the surface of gold becomes passivated due to the formation of an 

oxide film, followed by the evolution of chlorine gas. 

In contrast to pure gold, the anodic dissolution of gold-silver alloys (Fig. 1, curves 2–5) does not exhibit 

a steady-state region of active dissolution. At all overpotentials, gradual passivation of the anode 

occurs over time due to the formation of a silver chloride film. It is also evident that the passivation 

effects become more pronounced as the silver content in the alloy increases. 

Under potentiostatic conditions, the anodic current decreases over time. Its initial value and the rate of 

decay depend on the overpotential (Fig. 2), the chloride ion concentration in the solution, and the silver 

content in the alloy. As the overpotential increases, both the initial current and the decay rate increase. 

However, starting from η = 400–450 mV, the i–t transients at different values of η practically converge, 

likely indicating a transition to a diffusion-controlled dissolution regime of the predominant alloy 

component. 

Quantitative regularities of anodic film growth on metals (including the shape of i–t curves) have been 

studied in several works, but only for pure metals [4]. In the present study, it is additionally necessary 

to consider that although the anodic current contributes to the dissolution of both components, the 

passivating layer of the insoluble compound is formed by only one of them. 
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Fig. 1. Anodic polarization curves for the dissolution of pure gold (1) and gold-silver alloys with 

silver content, wt%: 4 (2), (3), 16 (4), 20 (5). 

 

Solution composition: 0.5 M HCl + 1.5 M NaCl, 

Potential scan rate: 2 mV/s, 

Temperature: 25 °C. 

 The aim of the study was to investigate the time-dependent process of anodic dissolution of a binary 

alloy, in which one component forms a highly soluble, and the other — an insoluble compound with 

the electrolyte anion [5].   

 

 

 

 

 

 

 

 

 

 

Fig. 2. Potentiostatic anodic dissolution curves for an alloy containing 4 wt% silver at η = 500 mV 

in solutions with different total chloride concentrations (adjusted by NaCl addition, mol/L): 1 – 

0.5; 2 – 1.0; 3 – 2.0; 4 – 3.0. 

 

Based on general physical considerations, at least two distinct regions can be expected on the i–

t curve. 

The first region reflects the dynamics of the formation of a continuous AgCl film from individual 

islands at a constant layer thickness, while the second corresponds to the thickening dynamics of the 

already formed layer [5]. 

 

Conclusion 

The kinetics of anodic dissolution of gold-silver alloys in chloride solutions can be satisfactorily 

described by existing models of continuous silver chloride film formation and its subsequent 

thickening, provided that these models take into account the partial current for silver instead of the 

total current density, as well as its dependence on the alloy composition. 
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