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EU Plastic Demand and Applications
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Application of PIN FR for the three most important market areas 
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Source: PNO Report „A study of the state-of-the-art and Impact of Phosphorus, Inorganic and Nitrogen Flame Retardants (PIN FRs) on recycling, taking into account the 
current and upcoming, legislation, policies, technologies and market developments” to be published in 2022



POST-CONSUMER PLASTICS WASTE MANAGEMENT
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Source: PlasticsEurope-CircularityReport-2022_2804-Light.pdf

https://plasticseurope.org/wp-content/uploads/2022/06/PlasticsEurope-CircularityReport-2022_2804-Light.pdf


PIN FRs: a market opportunity to catch respecting EU targets 
obligations for plastic recycling

• In 2018 the EU Strategy for Plastics in the Circular Economy was issued, which 

establishes the main goals for plastic design, manufacture, use, re-use, and end-of-life 

management by 2030

• Circular Plastics Alliance (CPA) was launched: the target is to bring the EU market for 

recycled plastics to 10 million tonnes by 2025, which means providing a boost of an 

additional 3.4 million tonnes of recycled plastics compared to 2020

• An increase in sorting capacity by at least 4.2 million tonnes by 2025 and recycling 

capacity by at least 3.8 million tonnes, is expected, corresponding to estimated investment 

needs between € 7.6 billion and € 9.1 billion

https://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy-brochure.pdf
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European Commission set very ambitious circularity objectives for plastics. 

https://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy-brochure.pdf


Three major Recycling Technologies for PIN FRs
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Source: PNO Report „A study of the state-of-the-art and Impact of Phosphorus, Inorganic and Nitrogen Flame Retardants (PIN FRs) on recycling, taking into account the 
current and upcoming, legislation, policies, technologies and market developments” to be published in 2022

1. Mechanical Recycling is an established technology

– Most used and investigated process in the last decade

– Separation of plastics which only contain certain PIN flame retardants still challenging

– Sorting technologies are further developed to combine elemental analysis with melt filtering

2. Chemical Recycling (Pyrolysis Oil)

– Investments announced by Plastic Europe by EUR 2.6 billion in 2025

– Seems the complementing technology of the next future

– Investigations by industry in patents to recover and reuse phosphorus-based flame 
retardants

– Pyrolysis process, where it is possible to recover pure PFRs 

3. Solvent-based recycling

– Appears as the emerging technology investigated above all in the last years

– Process proves to be an excellent solution to recover pure PIN FR, but more research 
necessary



How are plastics being mechanically recycled?
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Collection: Collection of end-of-life 

plastic products from separate and 

mixed waste stream

First sorting: waste arrives at the 

recycling plant, it is sorted. While 

some sorting may have taken place 

at the collection stage, further 

separation by colour or thickness 

may be necessary.

Shredding: Plastics need to be 

shredded into smaller pieces before 

they can go on for reuse.

Washing: Washing removes dust 

and dirt to ensure plastics are clean 

before they go onto the next stage. 

This can include removing traces of 

food, drink or labels

Second sorting and 

control: Plastics are sorted again 

and controlled before being sent to 

extrusion

Extrusion: Plastics flakes are 

finally converted into homogenous 

pellets ready to use in the 

manufacture of new products

Waste

ProductsKey: Improvement of separation and sorting technologies

https://plasticseurope.org/sustainability/circularity/waste-management-prevention/collection-sorting/


Heat-Map Technologies represented in current R&D Activities where PIN FR 
recycling is considered
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Source: PNO Report „A study of the state-of-the-art and Impact of Phosphorus, Inorganic and Nitrogen Flame Retardants (PIN FRs) on recycling, taking into account the 
current and upcoming, legislation, policies, technologies and market developments” to be published in 2022



Fraunhofer Recycling Project: 
Model for Mechanical Recycling of FR plastic materials containing Pin FRs
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Fraunhofer Recycling Project: 
Model for Mechanical Recycling of FR plastic materials containing Pin FRs
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Participant Application Plastics FR

Adeka E&E PP, PC/ABS P/N Intumescent System

BASF Foils PP N-alkoxy hindered amine

Budenheim E&E PP, PA-6
P/N intumescent system
Melamine Cyanurate

Clariant E&E
PA-6, PA-66
Glass fiber
reinforced

Diethylphosphinate, 
aluminium salt (with
synergists)

Nabaltec
Wire & 
Cable

PE/EVA, LLDPE ATH

Trial Program:

1. Multiple Extrusion Tests

2. Aging Tests of Granules and test 
bars

3. Characterisation and Testing



Fraunhofer Recycling Project: 
Model for mechanical Recycling of FR plastic materials continain Pin FRs
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◼ Multiple extrusion 

◼ After 5 extrusion steps, flame retardancy was maintained for nine out of ten 

formulations

◼ Accelerated aging

◼ For selected formulations flame retardancy was mainly maintained

◼ Mechanical Properties could be maintained in most cases

◼ The project creates essential data sets for recyclability of HFFR plastics

✓

✓

✓

✓



Pinfa Recycling Roadmap

▪ Recyclability of Plastics containing Pin FRs were demonstrated

▪ Pinfa report (by PNO) to be published July 2022: A study of the state-of-the-art and 
Impact of Phosphorus, Inorganic and Nitrogen Flame Retardants (PIN FRs) on 
recycling, considering the current and upcoming, legislation, policies, technologies 
and market developments 

▪ 2nd Pinfa recycling study in collaboration with Fraunhofer under preparation: Post 
consumer and post-industrial waste recycling

▪ → pinfa whitepaper

▪ Collaborate further with customers and recyclers 

▪ Support R&D projects with data, samples and active collaboration
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Conclusions
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thomas.futterer@budenheim.com

About Cefic

Cefic, the European Chemical Industry Council, founded in 1972, is the voice of large, medium and 
small chemical companies across Europe, which provide 1.1 million jobs and account for 15% of 
world chemicals production.  Cefic members form one of the most active networks of the business 
community, complemented by partnerships with industry associations representing various
sectors in the value chain.  A full list of our members is available on the Cefic website.
Cefic is an active member of the International Council of Chemical Associations (ICCA), which
represents
chemical manufacturers and producers all over the world and seeks to strengthen existing
cooperation with global organisations such as UNEP and the OECD to improve chemicals
management worldwide
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Thank you.


