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Urban mining (UM) aims to recover valuable materials from urban waste streams, such as electronic 

waste (e-waste) and spent automotive converters (SACs), transforming them into secondary resources 
of strategic and critical metals, including Cu, platinum group metals (PGMs), and rare earth elements 

(REEs). This approach supports the principles of the circular economy and contributes to the 

achievement of Sustainable Development Goals, particularly SDG 9 (Industry, Innovation and 

Infrastructure) and SDG 12 (Responsible Consumption and Production), by reducing dependence on 

primary mining and mitigating environmental impacts [1]. Moreover, UM addresses the rapidly growing 

demand for critical raw materials essential to modern technologies and strategic sectors, including 
renewable energy, digital technologies, defence, and aerospace industries. In line with the European 

Union’s Critical Raw Materials Act [2], which seeks to strengthen the resilience and sustainability of 

critical material supply chains, UM offers a promising pathway to reduce import dependence. For 

example, 100% of REEs used for permanent magnets in Europe are currently refined in China, while 

63% of global cobalt production originates from the Democratic Republic of Congo [3]. 

The objective of this study is to investigate the application of bioinspired chemicals, in accordance with 
the 9th principle of circular hydrometallurgy [4], for both metal leaching from e-waste and SACs and the 

synthesis of catalytically active PGM nanoparticles (NPs). 

Our research focuses on two approaches: 

A. Metal leaching from waste materials using deep eutectic solvents (DESs) based on choline 

chloride or betaine as hydrogen-bond acceptors (HBAs) and carboxylic acids (e.g., lactic or oxalic 

acids) or methanesulfonic acid (MSA) as hydrogen-bond donors (HBDs). 
B. Green synthesis of PGM nanoparticles employing plant-based reducing and stabilizing agents, 

namely saponins extracted from Quillaja saponaria bark and ascorbic acid (AA), as 

environmentally benign alternatives to conventional strong reducing agents for the preparation 

of Pt- and Pd-NPs. 

Key findings: 

A. Selected DESs, particularly MSA-based systems, enhanced the leaching efficiency of Cu and Ag 
from e-waste and Pd from SACs in the presence of H2O2 as an oxidizing agent. 

B. A sustainable synthesis route utilizing Quillaja. saponaria saponins and AA enabled the efficient 

preparation of Pt- and Pd-NPs supported on Al2O3 and ZrO2 without the use of strong reducing 
agents. Catalytic testing in the reduction of 4-nitrophenol to 4-aminophenol confirmed the 

activity of the synthesized Pd-NPs. 

C. The investigated systems demonstrate significant potential for sustainable metal recovery from 
secondary resources. However, further research is needed to improve process circularity, 

particularly through the efficient regeneration and reuse of DESs. 
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