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Figure 1 (Color online) Aberration corrected transmission electron microscope (TEM) images of Graphene, GO, and rGOP®. (a) Single suspended
sheet of graphene; (b) single suspended sheet of GO; (c) suspended monolayer of rGO
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Figure 2 (Color online) Application of rGO in the field of precious metal recycling®”.. (a) Extraction capacity for gold complexes with different
reduction potentials; (b) schematic of atomic structures for GO, rGO and commercial graphene, and their corresponding dispersibility and extraction
capacities; (c) schematics show two additional protocols to increase selectivity by changing pH: co-existing ions are prevented from adsorption (protocol
1) or stripped away later, after reductive adsorption of Au (protocol 2); (d) comparison of the adsorption selectivity obtained from three processes: direct
adsorption of electronic waste leachate, acid washing after adsorption, and adsorption under acidic conditions
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Figure 3 (Color online) Use of GO/CS for precious metal recycling. (a) Geometry of CS/GO complex optimized by density functional theory
calculation™®’; (b) schematic diagram of GO/CS sponge for ultrafast and efficient adsorption/extraction of gold[%]; (c) schematic diagram of using GO/

CS membrane as the Au selective electrode for electro-extraction and reduction of Au
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The sustainable utilization of precious metal (PM) resources holds critical significance for electronics, catalysis, and
related industries, driving the urgent need to develop efficient and eco-friendly PM recovery technologies. In a PM
recovery process, an adsorbent material that can efficiently and selectively recover PM from its complex co-existing metals
is critical for process efficiency. Currently, the commonly used precious metal adsorbent is activated carbon; its
hierarchical pore structure provides a large specific surface area and spatial confinement, beneficial for efficient adsorption.
However, such pore structure poses inter-pore diffusion, resulting in slow adsorption kinetics. Additionally, most activated
carbon-based adsorbents rely on physisorption, lack the selectivity needed for complex matrices seen in PM recovery, and
only result in a moderate adsorption capacity. In contrast, 2D materials, such as graphene, have emerged as promising
adsorbents for PM recovery. Its planar structure exposes all of its volume as surfaces, which provides a large surface area
desired for efficient adsorption; however, a lack of intrinsic pore structure also implies little spatial confinement for the
adsorbates, which is likely to cause desorption, unfavorable for high adsorption capacity. Therefore, tailoring the surface of
2D materials to establish strong interactions with target adsorbates is a critical step for achieving efficient PM adsorption.

This review systematically analyzes the adsorption mechanisms of graphene-based and other graphene-like 2D materials,
including transition metal dichalcogenides (TMDs) and MXenes, focusing on how surface chemistry and structural
features dictate metal ion binding, with reductive adsorption as a dominant mechanism. It evaluates recent advancements in
applying these materials to recover PMs from e-waste, industrial effluents, and seawater. Specifically, graphene oxide (GO)
achieves capacities like 108.34 mg/g for Au®", while reduced graphene oxide (rGO) reaches 1850 mg/g with rapid kinetics;
rGO/chitosan reaches 16800 mg/g. TMDs and MXenes achieve efficient adsorption of gold and PMs beyond gold,
including platinum and palladium, through light-induced reduction and surface defect-induced deposition. The review
particularly evaluates graphene-based adsorbents, highlighting their electron-rich structures and tunable surfaces that
enhance selectivity and capacity over activated carbon, alongside practical integrations like rGO membranes for
continuous gold recovery, supporting a closed-loop economy and sustainable resource management.

The review also discusses challenges in using 2D materials for PM recovery, including co-existing ion interference, high
synthesis costs, and scalability. Furthermore, the review suggests the need for further research into improving kinetics and
selectivity, proposing directions such as functionalization of 2D materials for improved adsorption selectivity and capacity,
cost-effective and scalable synthesis, and their integration into practical recycling processes (e.g., seawater desalination-
coupled recovery). These advancements highlight 2D materials’ potential as an efficient adsorbent material, which was
overlooked previously, and suggest their novel application in addressing PM resource scarcity and environmental
sustainability.

graphene, two-dimensional materials, precious metal recovery, selective adsorption
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