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In recent decades, globalization and digitalization have significantly increased the 

consumption of electrical and electronic equipment (EEE), resulting in approximately 62 

million tonnes of waste electrical and electronic equipment (WEEE) generated worldwide 

in 2024, of which only a limited fraction was formally recycled. Printed circuit boards 

(PCBs), considered one of the most valuable fractions of WEEE, contain significant 

amounts of metals such as Cu, Ag, Au and Pd. However, conventional metal recovery 

processes are commonly associated with high energy consumption and the use of 

chemically aggressive reagents that generate hazardous emissions and secondary 

pollutants. 

In this context, the present study evaluated the leaching of Cu from waste PCBs using 

citric acid assisted by hydrogen peroxide as oxidizing agent. The PCB powder was 

characterized by particle size analysis, ICP-MS and AAS, revealing a heterogeneous 

matrix with approximately 23.8 wt.% Cu. Leaching experiments were conducted 

following a 3² factorial design considering citric acid concentration (0.5, 1.0 and 1.5 

molL−1) and temperature (25, 45 and 65 °C) as independent variables.  

The results showed that citric acid concentration positively influenced Cu extraction, 

while increasing temperature negatively affected the process under certain conditions, 

possibly due to H₂O₂ decomposition and reduced stability of oxidizing species in solution. 

The highest Cu extraction achieved was approximately 91% under 1.5 molL−1 citric acid 

at 25 °C. Kinetic analysis indicated that the pseudo-second-order model provided the best 

overall fitting performance, suggesting the simultaneous occurrence of oxidation, 

complexation and mass transfer phenomena during the leaching process. Additional 

comparative experiments performed without H₂O₂ showed significantly lower extraction 

efficiencies, confirming the important role of the oxidizing agent in the dissolution of Cu 

from PCBs. 
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