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What is a thermoset polymer?
Thermoplastics (most plastics)  
• Processable because they get soft 

when heated

• Maybe dissolvable

• Polymer chains are not  
interconnected.

• Polyethylene, polypropylene, PET, 
polystyrene.

Thermosets
• Irreversibly hardened

• Insoluble, intractable polymer

• Polymer chains are interconnected 
: crosslinked 

• Epoxy resins, polyimides, bakelite, 
melamine resins, polyurethanes*

• Products tend to have long life-
times

Points of cross-linking



Issues in recycling thermosets

Tough to recycle

• Thermal treatment
• Energy

• Oils fillers

• Mechanical treatment
• Fillers

• Bury

• Embedded fibres can have 
greater value than the 
thermoset resin itself

• Limited recycling of 
thermosets occurs



A triggerable weakness needs to be 
introduced

Typical triggers
thermal
chemical

Making thermosets recyclable



CSIRO-Dulux Aqueous Enamel Project

crosslinked cured resin

De-crosslinking 
solution

Reconstituted resin 
solution

= dynamic covalent bonds
Crosslinks break – linear polymer remains
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Conventional with dynamic covalent bonds 

2 triggers



Dynamic covalent bonds in diols/diamine

De-crosslinking, acetone, solvent H+ catalyst

Polyurethane



Epoxy resin challenge



The challenge of thermosets

Tough to recycle 
• High performance 

• Long life times

• Frequently 
Composite 
materials  

• Smaller volumes

Routes to recyclability
• Introduce a triggerable weakness

• thermal
• chemical
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