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Fig.1 Schematic diagram of electrochemical testing
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Fig.2 Cathode polarization curves of three

different ammonia system
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Electrochemical study on membrane electrolysis of cathode copper in
NH, - (NH, ),SO, system
YANG Jianying' , TANG Shiyang®, YANG Ping’, LI Shuchao’, YANG Jianguang’
(1. Jiangxi Environmental Engineering Vocational College, Ganzhou 341000, China;
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Abstract: The milling residues from PCB ( Printed Circuit Board) cutting typically contain copper and aluminum

metals along with a high plastic content. The electrochemical dissolution and electrodeposition process offer an

effective method for stripping copper and obtaining high-purity cathode copper from these residues. This process is
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characterized by its short duration, high current efficiency, and the production of high-purity copper, making it
highly promising for various applications. However, the electrochemical mechanism underlying this process remains
unclear. In this study, PCB-generated copper-containing solid waste was utilized as the anode, with titanium plates
serving as the cathode. A series of experiments was carried out using a diaphragm electrolysis process in an NH, —
(NH, ),S0, system. These experiments included investigations into different ammonium salt systems, various
electrodes in the ammonia/ammonium sulfate system, electrochemical behavior curves of different electrolyte
compositions in the ammonia/ammonium sulfate system, and control steps and nucleation mechanisms of copper
electroplating in the NH; —(NH, ),SO, system. The results indicate that the starting reduction potential of copper
electroplating in the ammonia/ammonium sulfate system is the lowest, resulting in low energy consumption during
electroplating. Additionally, the hydrogen deposition potential in this system is negative, which helps avoid side
reactions such as hydrogen evolution and enhances the cathodic current efficiency. The electroplating reaction of
Cu’* on the titanium electrode surface in the NH, —(NH, ),SO, system is found to be an irreversible process and a
two-electron one-step transfer process, with diffusion control as the controlling step. The nucleation mechanism of
Cu’* on the titanium electrode is close to instantaneous nucleation. These findings provide valuable theoretical
insights for the NH, — (NH, ) ,SO, system diaphragm electrolysis copper process.

Key words; PCB copper containing scrap; NH; - ( NH, ),SO, — H,0 system; membrane electrolysis;

electrochemistry mechanism; nucleation mechanism; control step
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