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Overview

Vitrimers – bio-based, recyclable thermosets

▪ Plastics, circular economy, and climate protection

▪ What are thermosets, their applications and limitations

▪ What are vitrimers, their functionality and state of research

▪ Innovation project

▪ Challenges 

▪ Outlook
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Plastics, circular economy and climate protection

Vitrimers – bio-based, recyclable thermosets

www.rts.com

Source: 

Ellen 

MacArthur 

Foundation

‘The circular economy is a 
system where materials 

never become waste and 
nature is regenerated.’

• In 2023, global plastic production reached approximately 413.8 million metric 

tons. 

• Despite this substantial output, only about 9% of plastic waste is recycled 

worldwide; the remaining 91% is discarded, incinerated, or pollutes the 

environment. 

• Plastic production/use currently generates 3 - 5% of global CO2 emissions, 

could rise to around 10 - 15% by 2050 (without countermeasures, Ref.)

• Perspectives on solving the plastic crisis through global agreements (UN 

Plastics Treaty), roadmaps from industry associations and sustainability goals in 

companies. 

• Establishment of a circular economy and combination of 

recycled, bio- and CO2-based material flows.

statista.com

https://blog.cleanhub.com/

More Info: Papers Jahrbuch DICHT! 2022, 2023

https://www.ciel.org/plasticandclimate/
https://www.statista.com/statistics/282732/global-production-of-plastics-since-1950/?utm_source=chatgpt.com
https://blog.cleanhub.com/
https://www.researchgate.net/publication/365672142_Technische_Kunststoffe_Klima_und_Kreislaufwirtschaft_-_Nachhaltigkeitsoptionen_fur_Polymere_in_High-Tech-Anwendungen
https://www.researchgate.net/publication/374784235_Klimarelevanz_von_Kunststoffen_in_komplexen_Anwendungen_-_Losungsansatze_fur_die_Medizintechnik_Mikroelektronik_und_Sensorik


4 OST Coffee Lectures 2025

What are thermosets, their applications and limitations

Vitrimers – bio-based, recyclable thermosets

Left: individual linear polymer chains

Right: Polymer chains which have been cross 

linked to give a rigid 3D thermoset polymer 

(Thermosetting polymer – Wikipedia)

• A polymer that undergoes irreversible hardening 

('curing') from a soft solid or viscous liquid 

prepolymer (resin)

• Processing at RT or low temperatures

• High heat resistance

• Good mechanical strength

• Chemical resistance

• Electrical insulation

• Shape and size stability

• Brittle nature

https://en.wikipedia.org/wiki/Thermosetting_polymer
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Thermosets – market & applications

Vitrimers – bio-based, recyclable thermosets

Thermosets Market : To grow at a CAGR of 11.2% by 2030

https://www.maximizemarketresearch.com/market-report/global-thermosets-market/72537/
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Applications: wind turbine blades or PCBs

Vitrimers – bio-based, recyclable thermosets

world's longest wind turbine blade by 

Siemens Printed circuit board (PCB) made 

with epoxy-based laminates

Wind Turbine Blades Can’t Be Recycled, So 
They’re Piling Up in Landfills – Bloomberg

https://www.designboom.com/technology/worlds-longest-wind-turbine-blade-by-siemens/
https://www.designboom.com/technology/worlds-longest-wind-turbine-blade-by-siemens/
https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills


7 OST Coffee Lectures 2025

Vitrimers: recycable thermosets!

Vitrimers – bio-based, recyclable thermosets

• A new class of 3D cross-linked plastics 

with glass-like properties (Latin “vitrus” = 

glass).

• At elevated temperatures, vitrimers 

become malleable, enabling self-healing 

and reuse.

• Vitrimers exhibit chemical and mechanical 

resistance similar to thermosets across a 

broad range of operating temperatures.



8 OST Coffee Lectures 2025

Vitrimer: How does it work?

Vitrimers – bio-based, recyclable thermosets

doi: 10.3389/fmats.2022.915296 

They benefit from having 

Covalent Adaptable Networks 

(CANs), means while they have 

a permanent cross-linked 

network like thermosets, their 

bonds can rearrange when 

exposed to higher 

temperatures.
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Vitrimer - Innovation project

Vitrimers – bio-based, recyclable thermosets

https://doi.org/10.1126/science.1212648

https://doi.org/10.1126/science.1212648

https://doi.org/10.1126/science.1212648

Mallinda Inc

Top 10 «Emerging Technologies»

Top 10 «Emerging Technologies»

Top 10 «Emerging Technologies»

2011

First description 
by Leibler et al. 
https://doi.org/1
0.1126/science.
1212648 

2014

First 
commercial 
Product 
VITRIMAXTM

from 
Mallinda Inc 

2015

Recyclable 
thermosets 
listed by WEF 
among the Top 
10 «Emerging 
Technologies» 

-Present

Increase of 
research projects 
on vitrimers, 
but no 
breakthrough on 
the market yet

2023

Start of the 
Innosuisse
project “Swiss 
made, recyclable, 
bio-based 
thermosets”

https://doi.org/10.1126/science.1212648
https://doi.org/10.1126/science.1212648
https://doi.org/10.1126/science.1212648
https://mallinda.com/about/
https://www.weforum.org/agenda/2015/03/top-10-emerging-technologies-of-2015-2/
https://www.weforum.org/agenda/2015/03/top-10-emerging-technologies-of-2015-2/
https://www.weforum.org/agenda/2015/03/top-10-emerging-technologies-of-2015-2/
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Vitrimers – bio-based, recyclable thermosets

Thermoset – life cycle

Synthesis

Oil

Processing Application

Electric & 

Electronic

Construction

, Energy 

Technology

Transport

End of Life

Landfill

Combustion 

CO2
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Vitrimers – bio-based, recyclable thermosets

Vision: CO2-neutral thermoset circular economy 
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Innovation project - motivation

Vitrimers – bio-based, recyclable thermosets

Available on the 
market, bio-based, 

inexpensive 
components

Meeting 
the target 
specifica-
tions

Recyclable

Simple 
formula-

tion
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Innovation project – prototype development

Vitrimers – bio-based, recyclable thermosets

Warm up the bio-resin                                            Adding catalyst and curing agent                           Mix under vacuum in a Thinky mixer

Pour into the form Curing in conventional oven Relaxation properties measurement
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Characteristics and determination of reprocessability

Vitrimers – bio-based, recyclable thermosets

Chemical Reprocessing

• Solvolysis at elevated 

temperature in liquid phase 

• Also applicable for filled 

systems and composites 

Relaxation 

• Measurement of relaxation 

≡ Response to mechanical 

stress at different 

temperatures

• Above a certain 

temperature, the material 

becomes deformable 

Mechanical Reprocessing

• Original

• 1x crushed/

molded

• 2x crushed/

molded

• 3x crushed/

molded
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Achievement of targets

Vitrimers – bio-based, recyclable thermosets

• Formulations are mostly simple with market available compounds 

• Favorite formulations meet the mechanical target specifications

• Feedstock is at least partially bio-based, potentially more
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Challenges

Vitrimers – bio-based, recyclable thermosets

• Bio-based chemicals are often more expensive than conventional ones; 

their environmental impact must be considered, and the bio-feedstock 

economy is still emerging

• Synthesis routes for vitrimers are often complex. Ideally, the product 

would consist of two liquid components, but many suitable, bio-based 

chemicals are solids

• Mechanical reprocessing requires high temperatures and forces. 

Outlook
• Favorite formulations, which meet the goals are chosen

• Some challenges have been addressed with feasible solutions

• The recycling process is under development
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Many thanks to:

Vitrimers – bio-based, recyclable thermosets

• Colleagues at OST-IMP 

Arno Maurer, Jens Ulmer, Martina Bruderer, Isabelle Gentgen

• Our project partners, academia and industry

• Innosuisse for the funding 

Thanks for your attention!
roudabeh.valiollahi@ost.ch
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