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$7.0 bn sales in 2021

Global manufacturer of bromine, fertilizer and specialty 

chemicals

~13,000 Employees

20 R&D centers with 500 researchers

Multiple awards for sustainability efforts, 

inclusion in FTSE4Good and A- Carbon Score

About ICL Group
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Sustainability of Flame Retardants

The direction will continue to be towards:

✓ Polymeric, Reactive, Safer Inorganic (ATH, MDH)  
less affected by hal vs. non-hal chemistry

✓ There will continue to be a role for improved, safe additive FRs             
mostly larger molecules

Polymeric Flame Retardants have: Low water solubility, no leaching, no 

migration, due to high MW no penetration in living tissue, no potential 

bioaccumulation.

Today not regulated and recognized as a more sustainable solution.
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Challenges ahead for  plastics with BFR’s:

Current perception in the outside world / media / policy makers:

• Production, use and recycling of BFRs could hinder material cycles

• Regulation  on plastics with BFRs:
• WEEE Directive, separation  BFRs containing plastics below 2000 ppm

• POP regulation  lowering 
o PBDEs < 500 ppm  → trend moving to lower value affecting negatively 

mechanical recycling

• Halogens during chemical recycling

• RoHS/REACH (end of waste => ‘new’ products) - SVHCs < 1000 ppm

• Eco-design, recycling standards

• For all FRs: scale of economy, sorting black plastics, purity 



EoL options for plastics containing FRs
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End-of-life management 

& emissions scenarios

• Reuse of plastics / recover of metal, 

• Physical recycling to recover polymer/ 

additives 

• Mechanical recycling

• Dissolution purification process

• Chemical recycling (de-polymersiation/pyrolysis)

• Incineration – energy recovery

• Landfill – least favored
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How recyclable is Bromine and Antimony 
and how do we close the loops?

HFR Plastics



Recycling process of plastics from ASR of Electronic waste 
(Automotive Shredder Residue)
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Lightweight plastics: PE, PP, PS, HIPS, ABS

Heavy plastics: HIPS FR’s, ABS FR’s, PC, PVC, PA, …

Manual sorting

Size reduction by Shredder

Ferrous Separation

Non - Ferrous Separation

Plastics:

Density separation

Mechanical recycling 

Incineration or Landfill 

Reuse products

Metals

Non-Ferrous Metals
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Sorting technologies development
(needed for nearly all new technologies)

• Plastics with BFR’s separation using density separation

• XRF-NIR technologies are used to separate bromine/halogens 

containing plastics

• Near and mid infra-red sorting becoming possible for black plastics

• Tomra technology, Steinert and others to be used to separate 

different polymer types

• Challenge for WEEE/ELV plastics sorting efficiency > 98% 

Sorting is not good enough yet for high quality virgin like 

applications
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Emerging recycling technologies

• Focus on chemical or physical methods that allow separation 

of basic components and recycling them in dedicated streams

• Recover key materials (Polymer, Bromine and Antimony Trioxide)

• Output: virgin quality materials with reduced environmental footprint

• Depolymerization – monomers & naphtha (building blocks)

• In parallel technologies like supercritical CO2 and microwave 

technologies for destruction of POP



Activities and different technologies for ABS with BFRs/ATO
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Participation in ABS/HIPS/PS recycling projects using innovative technologies:

• CloseWEEE

• Plast2bCleaned

• CreaTor

• PSLoop 3   Demoplant NPPR  (ABS/HIPS –BFR recycling)

• PRIMUS

• Nontox

• Chemical recycling



Recycling process: NONTOX Scale up 
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NONTOX  is a recycle project using CreaSolv® Process and Extruclean

Project for recycling mixed plastics (ABS/HIPS/PC-ABS and HIPS-PPO) containing              

flame retardants incl Br recovery:

• Started June 2019, funded by EU Horizon2020 + 12 partners

• Aim to optimize and demonstrate the efficiency of different technologies to extract 

contaminants

Results so far from the lab-pilot tests: 

• BFRs can be separated

• Polymers are separated with selective solvents and  be recycled equal to virgin quality

• Pilot plant under construction in Germany Fraunhofer-IVV and plan to start end of 2022



NONTOX process technology
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Combination of several intelligent sorting 

and recycling technologies:

• Smart sorting with novel detectors

• CreaSolv® dissolution 

• Extruclean supercritical CO2 extrusion

• Pyrolysis for non-target plastics and by-

product fractions

• Additives to upgrade the recycled stream

Result = Enhanced properties of recycled 

plastics



NONTOX process technology
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Combination of CreaSolv® dissolution and Extruclean supercritical CO2 extrusion
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Dissolution process:

Project for recycling ABS/HIPS plastics containing flame retardants (ATO and Br recovery)

• EU H2020 + 10 partners among ICL-IP and Campine funded with €5,3 million

• Dissolution purification technology based on heated solvent low boiling point

• Advantage: continuous process low energy demand → low carbon footprint 

Results obtained so far:

• ATO can be removed to a level below threshold → Campine Sb recovery

• BFR removed and treated into the Bromine Recovery Unit at ICL-IP for new polymeric BFRs
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Dissolution purification process:

Brominated Flame Retardants

ATO



Possible scale up ABS/HIPS project  2022-2026
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• Project for ABS/HIPS rich waste stream ​with demo plant similar to other 

Creasolv® type initiatives

• Pilot plant under construction at Fraunhofer-IVV; start end of 2022 and 

running trials coming years for the ability to scale up in 2024

• Objective to collect-sort and recycle via dissolution process ABS plastics 

together wit the separation of BFRs to be handled in the BRU



ABS/HIPS/BFRs+ATO Demoplant 3KT option forward
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Fraunhofer, DTU, Bay Zoltán, Coolrec, Polystyreneloop, EPC, ICL, Campine, Trinseo, Gorenje, Lexmark, Sustainable Innovations Europe, BayFOR

From CloseWEEE --> NONTOX plus P2BC --> within  NPPR in the Netherlands

• NPPR showcase  with 10 partners signed LOI in 2020 including planning and budget was 

approved and must be implemented in different phases

• Preparation of the showcase needs an update/consortium for Phase 1 till 2024  including 

trials  and  bromine recovery

• In 2024  phase 2 is needed to get the final budget of 7 million (PPS) for a  demo plant
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Conclusions:

✓ Challenges for mechanical recycling due to scale of economy, sorting                              

and quality (POPs contaminants)

✓ Innovative technologies can be used for plastics with BFRs/ATO  

✓ Need for predictable and stable legislation (UTC-LPLC-REACH-standards)

✓ CreaSolv® Process for ABS/HIPS is progressing with a new larger pilot plant

✓ Outcome from P2BC and other recycle projects are needed for full mature process

✓ Scaling up of R&D/Pilot into a demoplant takes years → 2024-2028 NPPR Netherlands

✓ Teamwork of recyclers, FR producers (ICL) and ATO producers (Campine), is needed

✓ Chemical Recycling is becoming a more relevant process



Thank You

Lein Tange – Sustainability Director ICL-IP

Lein.Tange@icl-group.com

www.icl-ip.com/flame-retardants/ 

https://www.facebook.com/ICL-GROUP-1796603550469377/?modal=admin_todo_tour
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