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Abstract: Traditional polymeric materials have pushed the progress of human society by providing numerous light-weight
and mechanically robust polymer products. However, these materials also have caused serious resource waste and environ-
mental pollution. Replacing traditional polymeric materials with healable, recyclable and degradable polymeric materials can
effectively solve the problems of resource waste and environmental pollution, which is of great significance to the construction
of sustainable society. In this review, we systematically summarized the recent development of non-covalently cross-linked
polymeric materials capable of healing, recycling and degrading. We demonstrated that the synergy of multiple reversible in-
teractions and micro-/nanostructures provides an effective way to the fabrication of healable and recyclable polymer materials
with high mechanical strength, high toughness and excellent damage tolerance as well as degradable supramolecular plastics
with good environmental stability. Cross-linking polymer chains with non-covalent interactions and dynamic covalent bonds is
practically useful for the fabrication of healable, recyclable and degradable polymeric materials.
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Fig. 1 Schematic illustration of the polymeric complexation method for the fabrication of reversibly cross-linked polymeric materials with heal-

able, recyclable and degradable properties
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Fig. 5 Hydrogen-bonded PAA/PEO elastomers'*”); (a) schematic illustration of the preparation process of the PAA/PEO elastomers based

on the hydrogen-bonding complexation between PAA and PEO, (b) stress-strain curves of the intact and 1, 6, 12, and 24 h healed
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Fig. 6  Polyurethane elastomers with dynamic hierarchical microstructures ;
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Fig. 7 Poly(urethane-urea ) elastomers with high density of hydrogen-bond arraysnm : (a) chemical structures of the IPDI-SPU and TDI-SPU

elastomers, (b) schematic illustration of the two-phase structures of the IPDI-SPU and TDI-SPU elastomers, (c) stress-strain curves

of the IPDI-SPU and TDI-SPU elastomers, (d) typical stress-strain curves of the unnotched and notched IPDI-SPU samples, (e) pho-

tographs of the IPDI-SPU elastomer, which is cut into small pieces and then reprocessed via the hot-pressing method
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Fig. 8 Degradable PVA-based supramolecular plastics: (a) stress-strain curves of the VPVA-HA-Fe plastics under the environments of 30%,

70% , and 100% RH at room temperature, (b, c) schematic structures (b) and TEM image (c¢) of VPVA-HA-Fe plastics, (d) digital

images of VPVA-HA-Fe plastic recycling, (e) stress-strain curves of the VPVA-HA-Fe plastic for the first, third, and fifth cutting/recy-

cling cycles, (1) digital images of the intact plastic and of the plastics after being buried under soil for 18, 32, 52, 76 and 108 days' '] ;

(g) schematic sketch of the molecular structures of TA and PVA, (h, i) preparation process and photographs of the TA-PVA plastic. ,

(j) computationally simulated structures of the TA-PVA clusters at the strain of 0 and 400%, (k) stress-strain curves of the PVA and

TA-PVA plastics with different compositions, (1) weight evolution of the TA-PVA plastic film and cast PVA film that were buried in soil

for the biodegradation test, (m) photos of the TA-PVA plastics before and after being buried in the soil for 0 (i), 10 (ii), 35 (iii) and

65 (iv) days[zg]
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Fig. 9 Degradable cellulose/lignin supramolecular plastics“g] : (

a) schematic of the plant-inspired cellulose/lignin supramolecular plastics, (b)

photograph of cellulose/lignin plastic straws, (c) tensile stress-strain curves for cellulose film, cellulose/lignin plastic film without bak-

ing, cellulose/lignin reinforced plastic film, and polypropylene plastic film, (d) wet tensile stress-stain curves after immersing in water for

half an hour for the cellulose straw, cellulose/lignin plastic straw without baking, and cellulose/lignin reinforced plastic straw after baking,

(e) degradation test for cellulose/lignin plastic straw and polypropylene plastic straw
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