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Recent advances in the applications of covalent organic frame-
works for strategic critical metal recovery: focusing on rare
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Abstract: Strategic critical metals, such as rare earths and dispersed metals, are indispensable key
raw materials for high-tech industries, including new energy and electronics. Although China is rich
in mineral resources (especially rare earth minerals), the supply has always been a concern due
to extremely uneven distribution and the significant environmental pressures caused by the mining
process. At the same time, with the rapid development of related industries, the amount of waste
equipment containing these metals (such as discarded batteries and used NdFeB magnets) and
industrial wastewater has increased sharply. Therefore, efficiently recovering strategic critical metals
from secondary resources is of great importance. Among various recovery processes, solvent ex-
traction and precipitation methods have been widely applied in systems with conventional con-
centrations and relatively simple components due to their mature technology and relatively high
separation efficiency. However, these methods face challenges such as low efficiency, poor se-
lectivity, and high environmental burden when treating low-concentration, multi-component systems.
Adsorption methods, with their simple operation, low energy consumption, and environmentally

friendly characteristics, have become one of the most promising methods for recovering and
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processing strategic critical metals in extreme industrial systems. By designing or selecting specific
adsorbent materials (such as ion-imprinted polymers, functionalized porous materials), specific
adsorption of target metal ions can be achieved, especially enabling efficient separation of desired
metals in complex multi-metal solutions. However, this method demands higher requirements for
the performance and stability of the adsorbents. Therefore, developing novel adsorbent materials
with high selectivity, high adsorption capacity, and environmental friendliness has become a key
bottleneck that urgently needs to be overcome in this field. Covalent organic frameworks ( COFs)
are a fascinating class of crystalline porous organic materials constructed via strong covalent bonds
from light elements including carbon, hydrogen, nitrogen, oxygen, and boron. COFs integrate
multiple superior properties. They not only possess ultra-high specific surface areas and tunable pore
sizes but also exhibit excellent structural designability. Their pore sizes can be adjusted from the
nanometer scale to the angstrom level, allowing for the sieving of ions of different sizes through
size exclusion effects. Moreover, the organic monomers of COFs contain abundant functional
groups, enabling selective recovery based on differences in affinity for metal ions. At the same time,
their fully organic frameworks endow numerous COFs with excellent stability in harsh environments
such as acids and bases. Thanks to these unique characteristics, COFs have emerged as promising
candidates for the highly selective and high-capacity recovery of critical metals in low-concentration,
multi-component systems.This review systematically summarizes recent advances in the application
of COFs for the recovery of rare earth and dispersed metals, with a focus on the introduction of
specific functional groups through direct synthesis and post-modification strategies to achieve ef-
ficient recognition and capture of target metal ions. The performance of COFs in terms of adsorption
capacity, selectivity, and cycling stability is outlined, and their adsorption mechanisms, as well
as desorption and regeneration methods, are discussed. Finally, challenges in structural design,
scalable synthesis, and environmental adaptability for practical applications are analyzed, and future
research directions are proposed. This review aims to provide a reference for researchers in this field
and to promote further development of COF materials in resource recovery applications.

Keywords: covalent organic framework (COF) ; synthesis; rare earth metals; dispersed

metals; adsorption; recovery
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(a) COFs synthesized under green and mild conditions, (b) experimental (blue) and simulated (purple) powder X-

ray diffraction (PXRD) patterns of TAPB-BTCA-COF, (c¢) nitrogen adsorption-desorption isotherms of TAPB-BTCA-
COF (The black line is the adsorption curve, and the red line is the desorption curve), (d) histogram of the yield of

TAPB-BTCA-COF obtained under different pH values's"

TAPB: 1,3,5-tris(4-aminophenyl)benzene; BTCA: 1,3,5-benzenetricarbaldehyde.
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Fig.3 Synthesis strategy of COF's for rare metal recovery
a. direct synthesis strategy; b. post-modification strategy.
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Fig. 4

(a) Schematic diagram of the synthesis of TpPa COFs'*"

, (b) possible mechanisms of adsorption and separation of
40] |

REEs by TpPa COFs'*, (c) the influence of concentration on adsorption capacity'*’; (d) schematic diagram of
TFPB-DABDA iCOFs for selective recovery of REEs!*!), (e) synthesis of sulfonated TFPB-DABDA iCOFs!*!!, (f) Fou-
rier transform infrared (FT-IR) spectra of TFPB-DABDA iCOFs, TFPB and DABDA!MY, (g) changes in O 1s XPS and
S 2p spectra of TFPB-DABDA iCOFs before and after adsorption of La***!
REEs: rare earth elements; Tp: 1,3, 5-triformylphloroglucinol; Pa: p-phenylenediamine; OA: oxalic acid dihydrate; ChCl: choline
chloride; TFPB: 1,3,5-tris( p-formylphenyl)benzene; DABDA: 2,5-diaminobenzene-1,4-disulfonic acid.
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