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Fig. 1 Upcycling of waste plastics into MOF and their
applications.
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Table 1 The preparation methods of waste plastic-derived MOF materials and the corresponding specific surface area, yield,
performance strengths and weaknesses.

Waste . BET surface Yield Performance strength and
. MOFs Preparation method Ref.
plastic area (m?-g™") (%) weakness
PET NTHU-3-TA-H,O One-step solvothermal - - Greater in size and better in ~ [28]
method; 160 °C, 72 h luminous performance;
(degradation and Harsh synthesis conditions
coordination)
TP-MIL-101(Cr) Two-step solvothermal 2591.9 63.00 High specific surface area [52]
method; 200 °C, 1 h and high-water uptake
(degradation); 180 °C, 6 h capacity; Low crystallinity
(coordination)
OP-MIL-53(Al, Fe)  One-step solvothermal 894.9 - High specific surface area [52]
method; 150 °C, 12 h and high photocatalytic
(degradation and activity; Crystal size
coordination) inhomogeneity
UiO-66(Zr) One-step solvothermal 811.9 - High specific surface area [52]
method; 120 °C, 24 h and high photocatalytic
(degradation and activity; Low crystallinity
coordination)
MIL-53(Al) Two-step solvothermal 1112 80.50 Abundant active sites and [53]
method; 200 °C, 7 h high H,S adsorption
(degradation); 140 °C, 15 h capacity; Ligands tend to
(coordination); 400 °C, 3 h block the channels
(reactivation)
MIL-101(Cr) One-step solvothermal 3055.5 70.89 High specific surface area; [54]
method; 210 °C, 8 h Poor alkali resistance
(degradation and
coordination)
NiCo-BDC One-step solvothermal 62 52.00  High charge storage capacity  [55]
method; 180 °C, 16 h and high power density;
(degradation and Low specific surface area
coordination)
MIL-101(Fe)@PET Two-step microwave- 1314 - High adsorption capacity [56]
assisted method; 3 F, and fast adsorption rate;
10 min (degradation); 6 F, Low plastic utilization
30 min (coordination)
Ui0-66 One-step microwave- 1200 - High microporosity and high  [57]
assisted method; 200 °C, adsorption capacity;
30 min (degradation and Enhanced reo-topology
coordination) defect
La-MOF/Zr-MOF/  Two-step mechanical ball 143/149.5/ 78/56/ Large-scale upcycling of [58]
Ni-MOF/Co-MOF/ milling; 30 Hz, 2 h at 46.2/45.6/ 90/54/ plastic; Low crystallinity
Mn-MOF/Ca-MOF room temperature 36.3/18.1 77/58  and low specific surface area

(degradation); 30 Hz, 2 h
at room temperature

(coordination)
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Table 1 Continued.
Waste . BET surface Yield Performance strength and
. MOFs Preparation method Ref.
plastic area (m?>-g™") (%) weakness
MIL-53A1 Two-step trace solvents- 590 - High specific surface area; [59]
assisted ball milling; Structural defect
400 rpm, 2.5 h at room
temperature (degradation);
400 rpm, 3 h at room
temperature with trace
solvents (coordination)
PLA Mg-MOF Two-step mechanical ball 43 - Uniform morphology; Low  [60]
milling; 30 Hz, 2 h at crystallinity and low specific
room temperature surface area
(degradation); Stirring at
room temperature, 24 h
ZnBLD One-step solvothermal - - Excellent chiral separation;  [61]
method; 110 °C, 48 h Easily hydrolysable
(degradation and backbone
coordination)
Zn-LA/Ca-LA One-step solvothermal - - High crystallinity and [32]
method; 160 °C, 4 h and hydrophilic surface; Poor
110 °C, 12 h (degradation heat and moisture resistance
and coordination)
PBT Ni-POMOF One-step solvothermal - - High crystallinity; [30]
method; 180 °C, 72 h Polyoxometalates block the
(degradation and channels
coordination)
PBAT Co/Fe-MOF One-step solvothermal 46.64 - Broad-band optical [31]
method; 180 °C, 24 h absorption, high-efficiency
(degradation and photothermal conversion and
coordination) water transport capacity;
Low specific surface area
PA66 Co-ADP Two-step solvothermal 64 - Flexible & rigid [33]
method; 200 °C, 24 h coordination; Low specific
(degradation); 90 °C, 5 h surface area
(coordination); stirring at
room temperature, 2 h (ion
exchange)
PI Fe-BTEC Two-step solvothermal- - - Stronger light absorption [34]
solution stirring method, and high-efficiency charge
180 °C, 18 h (degradation); transfer; Low crystallinity
Stirring at room
temperature, 24 h
(coordination)
Ba-BETC One-step solvothermal 23 - Form stable structures with  [62]

method; 210 °C, 24 h
(degradation and

coordination)

metal; Low specific surface

area
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Fig. 2 Reaction pathways for the degradation of waste plastics and the synthesis of MOF.
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Fig. 3 (a) Upcycling of PET into a series of MOFs via a solvothermal method (Reprinted with permission from Ref. [28];

Copyright (2011), the Royal Society of Chemistry); (b) Upcycling of PI into Fe-BTEC via a two-step solvothermal-solution
stirring method (Reprinted with permission from Ref. [34]; Copyright (2025), John Wiley & Sons, Inc. Open Access);

(c) Upcycling of PET into Co-MOF via a two-step solvothermal method (Reprinted with permission from Ref. [42]; Copyright

(2020) Elsevier); (d) Upcycling of PA66 into Co-ADP via a two-step solvothermal method (Reprinted with permission from
Ref. [33]; Copyright (2026), Elsevier); (¢) Upcycling of PET into a series of MOFs via a one-step solvothermal method
(Reprinted with permission from Ref. [70]; Copyright (2016), Elsevier); (f) Upcycling of PET and PLA into a series of MOFs
via a one-step solvothermal method (Reprinted with permission from Ref. [32]; Copyright (2026), John Wiley & Sons, Inc.).
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Fig. 4 (a) Upcycling of PET into MIL-101(Fe) via a two-step microwave-assisted method (Reprinted with permission from
Ref. [56]; Copyright (2024), Elsevier); (b) Upcycling of PET into UiO-66 via a one-step microwave-assisted method (Reprinted
with permission from Ref. [57]; Copyright (2023), Elsevier); (c) Upcycling of PET into UiO-66-NH, via a one-step microwave-
assisted method (Reprinted with permission from Ref. [74]; Copyright (2023), the Royal Society of Chemistry).
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Fig. 5 (a) Upcycling of PET into a series of MOFs via a two-step mechanical ball milling method (Reprinted with permission
from Ref. [58]; Copyright (2023), John Wiley & Sons, Inc.); (b) Upcycling of PLA into Mg-MOF via a ball milling-solution
mixing method (Reprinted with permission from Ref. [60]; Copyright (2024) Elsevier); (c) Upcycling of PET into MIL-53Al
via a trace solvent-assisted two-step ball milling method (Reprinted with permission from Ref. [59]; Copyright (2025)
Elsevier); (d) Upcycling of PET into fcu/hcp UiO-66 via a trace solvent-assisted two-step ball milling method (Reprinted with

permission from Ref. [87]; Copyright (2026), the Royal Society of Chemistry, Open Access).
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Fig. 6 (a) Schematic illustration of UiO-66@Rgh-PET NFM preparation; (b) Visual comparison of MB adsorption by UiO-
66@PET NFM and UiO-66@Rgh-PET NFM; (c¢) Removal efficiency of UiO-66@Rgh-PET NFM during five consecutive
adsorption-desorption cycles (Reprinted with permission from Ref. [37]; Copyright (2025), American Chemical Society).
(d) XRD npatterns, (e) adsorption isotherms, and (f) adsorption kinetics of defect-type D-MIL-68(Al) and MIL-68(Al)
(Reprinted with permission from Ref. [94]; Copyright (2023), Elsevier). (g) Schematic illustration of the mechanism for
preparing UiO-66 via the microwave-assisted degradation of waste PET and its CO, adsorption process (Reprinted with
permission from Ref. [57]; Copyright (2023), Elsevier). (h) Five-cycle adsorption curve of CO, on MIL-53(Al) (CFA-PET)
(Reprinted with permission from Ref. [35]; Copyright (2025), Elsevier). (i) Breakthrough curve of benzene/cyclohexane
mixture on hep UiO-66 at room temperature (Reprinted with permission from Ref. [71]; Copyright (2019), Elsevier).
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Fig. 7 Schematic of the Co-MOF/CNT evaporator (a) for interfacial solar evaporation and photocatalytic degradation of

tetracycline and (b) evaporation rate of TC solution (Reprinted with permission from Ref. [63]; Copyright (2022), American

Chemical Society). Cr-MOF/CNT evaporator (c) preparation process and schematic for the photocatalytic degradation of

tetracycline and (d) the catalytic degradation curves of TC under different conditions (Reprinted with permission from
Ref. [102]; Copyright (2023), Elsevier). (¢) The preparation process Fe-BDC/G evaporator for photocatalytic degradation of

tetracycline, and (f) evolution of TC solution evaporation rate over time and cumulative water yield under natural light
illumination within 12 h (Reprinted with permission from Ref. [64]; Copyright (2025), Elsevier).
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Fig. 8 (a) Schematic illustration of the synergistic photothermal evaporation and thermoelectric power generation process
based on organic sponge interfaces (Reprinted with permission from Ref. [103]; Copyright (2019), John Wiley & Sons, Inc.).
(b) Schematic of the Ca-MOF preparation process and its PCC composite evaporator for the integrated solar-driven interfacial
water evaporation and thermoelectric power generation; (c) Open-circuit voltage curves of the PCC-800 evaporator
thermoelectric device under 1, 2, or 3 sun illumination at 20 °C (Reprinted with permission from Ref. [39]; Copyright (2022),
American Chemical Society). (d) Thermal imaging of cotton fabric and MnO/C-600 evaporator under 1 sun radiation
(Reprinted with permission from Ref. [104]; Copyright (2023), Elsevier). (e) Schematic of indoor freshwater/electricity co-
production system for PCN composite evaporator under 1 sun, (f) water evaporation rate, and (g) open-circuit voltage
(Reprinted with permission from Ref. [83]; Copyright (2026), Elsevier). (h) Schematic of a solar-driven interfacial water
production and power generation system using a PCF-x evaporator fabricated from waste polyimide; (i) Open-circuit voltage
curve and (j) voltage-time curve of three series-connected devices charging a capacitor for the PCF-x composite evaporator
(Reprinted with permission from Ref. [62]; Copyright (2025), Elsevier, Open Access).
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Fig. 9 (a) Schematic of one-step solvothermal degradation of waste PET and synthesis of NiCo-BDC, along with its direct
application as a supercapacitor electrode material; (b) Cyclic voltammetry curves of NiCo-BDC and other electrode materials
(Reprinted with permission from Ref. [55]; Copyright (2025), Elsevier). (c) N, isotherm curves of CPMH and CPMD
(Reprinted with permission from Ref. [109]; Copyright (2024), Elsevier, Open Access). (d) Constant-current charge/discharge
curves of NCP,s@Al,O; nanocomposite at different current densities (1-20 A-g™') (Reprinted with permission from
Ref. [110]; Copyright (2025), Elsevier). (e) Cycling performance and coulombic efficiency of Co,gNi-MOF at 500 mA-g™!
(Reprinted with permission from Ref. [112]; Copyright (2022), American Chemical Society, Open Access). (f) Preparation
process of Zn-MOF and Co-MOF and (g) long-term cycling performance of MOF-DMF/H,0 at 1000 mA-g~! (Reprinted with
permission from Ref. [113]; Copyright (2022), American Chemical Society). (h) Linear sweep voltammetry curve and
(i) chronopotentiometric curve of Co/Fe-ADP (Reprinted with permission from Ref. [33]; Copyright (2025), Elsevier).
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Review

Upcycling of Waste Plastics into Metal-Organic Frameworks via
Chemical Recycling

Xue-ying Wen, Ling-ling Feng, Zhi-kun Dai, Gui-xin Hu, Ran Niu, Jiang Gong"
(Key Laboratory of Material Chemistry for Energy Conversion and Storage, Ministry of Education,
Hubei Key Laboratory of Material Chemistry and Service Failure, School of Chemistry and Chemical Engineering,
Huazhong University of Science and Technology, Wuhan 430074)

Abstract Plastic pollution poses a significant threat to the ecological environment and human health, making it
urgent to develop efficient and green recycling technologies for waste plastics. Chemical upcycling, which can
directionally convert waste plastics into high-value chemicals or functional materials, is considered a key
pathway toward a circular economy. Metal-organic frameworks (MOFs) have emerged as highly promising
functional materials due to their high specific surface area, tunable pore size, and abundant active sites. Using
waste plastics as ligand precursors to obtain organic acids via chemical depolymerization for MOF synthesis not
only reduces the synthesis cost but also enables high-value resource utilization of waste plastics. This article
systematically reviews the recent research progress on upcycling waste plastics into MOF materials, summarizes
various synthesis strategies, and presents the applications of the as-prepared MOFs in adsorption, interfacial water
evaporation, and energy storage and conversion. Finally, the current challenges and future development directions
are analyzed and prospected, aiming to provide a reference for the synergistic development of waste plastic
valorization and the synthesis of high-performance MOF materials.
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