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AMI conference:  
Fire Resistance in Plastics

Sustainable FR systems for Styrenics



Introduction

PolyFR in XPS and EPS

ABS FR and PC/ABS FR

Sustainability and recycling

Summary
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Headquartered in Israel, with plants across the globe

Global manufacturer of fertilizer, specialty chemicals and 

industrial products

One of the world’s largest producer of elemental bromine 

World’s leading producer of a variety of bromine, phosphorus 

and inorganic Flame Retardants (FRs)

Multiple awards for sustainability efforts, 

inclusion in FTSE4Good and A- Carbon Score

About ICL Group

https://icl-group-sustainability.com/
https://icl-group-sustainability.com/
https://icl-group-sustainability.com/
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ICL-IP FR portfolio 

Brominated FR’s :

• FR-803P, Brominated polystryrene for ETPs 

• FR-1025, Brominated polyacrylate for ETPs

• F-2100 & F-3100, Brominated Epoxy for ETPs 

• FR-245, Brominated cyanurate for Styrenics & PC

• F-3014 & F-3020, Brominated Epoxy for Styrenics 

• FR-122P, Brominated SBR copolymer for XPS, EPS

• F-2200HM, Brominated Epoxy stabilizer for XPS 

• F-2001, Brominated Epoxy stabilizer for XPS

• FR-1410, DBDPE for HIPS, PE, PP, PBT, PA, UPE & Epoxy

• FR-720, TBBA derivated for PP & Styrenics

• FR-370, Brominated phosphate for PP & Styrenics 

• FR-1524 (Reactive), TBBA for epoxy PCBs

Phosphorus FR’s

• Fyrolflex® RDP & Sol-DP for PC/ABS and PPO/HIPS

• Phosflex ®: Plasticizers for PVC

• Fyrol®: PFRs for PU foam (rigid and flexible)

• PolyQuel®P100, reactive, polymeric PFR for PCBs

• VeriQuel®R100, reactive intermediate for PU foams

Inorganic FR’s

• FR-20, Magnesium Hydroxide for Wire & Cable and 
Polyamides
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ICL sustainable Flame Retardants:

Low impact on the 
environment

Low carbon footprint

Ethical treatment 
of workers

Pre-consumer 
recycling

Post-consumer 
recycling

Final product maintain 
FR’cy during lifetime
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PolyFR (FR-122P) for XPS, 
x-EPS and EPS
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PolyFR (FR-122P) for XPS, xEPS and EPS:



8

FR-122P – Polymeric & Sustainable Solution

Figures source: DuPont document “White Paper on BLUEDGETM Polymeric Flame Retardant”; table based on USEPA report, 2014.  
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Polymeric FR-122P Masterbatch for XPS and x-EPS

Formulation:

• Brominated epoxy stabilizers: F-2200HM or F-2001 (Polymer)
• Enhancing stabilization package by combining Brominated epoxy with Hydrotalcite or 

mixture of Phenolic antioxidant/ Organo-phosphite Processing Stabilizer.
• Stabilization package loading:  Extruder L\D ratio, Screw shear rate, Initial color ...

Material 

100-XPolystyrene

40%FR-122P (FR)

8%-14%F-2200HM (Stabilizer) 
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Polymeric FR-122P Masterbatch for XPS and x-EPS

Formulation:

• Brominated epoxy stabilizers: F-2200HM or F-2001 (Polymer)
• Enhancing stabilization package by combining Brominated epoxy with Hydrotalcite or 

mixture of Phenolic antioxidant/ Organo-phosphite Processing Stabilizer.
• Stabilization package loading:  Extruder L\D ratio, Screw shear rate, Initial color ...

#2#1Material 

100-X100-XPolystyrene

40%40%FR-122P (FR)

8.0%8.0%F-2200HM (Stabilizer) 

0.5%--Phenolic antioxidant

1.0%--Organo-phosphite Stabilizer
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Post-consumer recycling of XPS and EPS foams

The CreaSolv® Process
A Solvent-based Purification Process

HBCD PS

New PolyFR

3300 mtons of EPS/XPS waste /y 

Compaction  -->  Transportation Demolition

ICL BRU - Safe destructing 
of HBCD and bromine 

recovery 

Safe destructing of 
HBCD at ICL BRU

rGPPS

New XPS & x-EPS

PolyStyreneLoop Demoplant with Bromine recycling next to ICL Terneuzen

From Demolition Site to Recovering Bromine and Polystyrene

https://www.ivv.fraunhofer.de/en/forschung/verfahrensentwicklung-polymer-recycling/hochwertiges-kunststoffrecycling.html
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Evaluation between 
ABS-FR vs. PC/ABS -FR



ABS vs. PC/ABS  - Product overview:
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ABS vs. PC/ABS (85:15) – FR’cy & Mechanical properties
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1 2 3

Br-FR Br-FR

Formulations

ABS ABS

10%BR FR-245
4% ATO

ABS

10%BR F-3020
4% ATO

UL 94 @ 1.6 mm NR V-0 V-0

Notched Impact [J/m] 172 122 101

Tensile Strength [MPa] 40 41 40

Elongation at break [%] 16 40 28

Modulus [MPa] 1820 1990 1930

HDT [1.8 MPa, 3.2mm] 76 79 75

MFI  [220C / 10 kg] 9.0 16.9 19.2

All Formulations are with  0.5% PTFE & 0.2% Stabilizer

* BDP formulation has low Impact, probably due high FR concentration

4 5 6

Br-FR P-FR

Formulations

PC/ABS PC/ABS

5%BR FR-245
2.5% ATO

PC/ABS

15% BDP

UL 94 @ 1.6 mm NR V-0 V-0

Notched Impact [J/m] 750 578 <100*

Tensile Strength [MPa] 63 63 69

Elongation at break [%] 108 50 37

Modulus [MPa] 2230 2330 2700

HDT [1.8 MPa, 3.2mm] 118 110 79

MFI [260C /2.16 kg] 11.7 9.1 22.2

ABS PC/ABS



ABS vs. PC/ABS (85:15) – Hydrolysis resistance
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• ABS with BFR/ATO maintain good mechanical strength (Impact).
• PC/ABS with FR-245\ATO showed lower redaction in Impact strength compared to BDP formulation.

Hydrolytic Resistance test for 2 weeks at 65ºC/85HR



ABS vs. PC/ABS (85:15) – Pre-consumer recycling 
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ABS PC/ABS

UL94 rating#rounds

V-01st

5% FR-245+
2.5% ATO

PC/ABS V-03rd

V-05th

UL94 rating#rounds

V-01st

10% FR-245+ 
4% ATO

ABS V-03rd

V-05th

V-01st

10% F-3020 + 
4% ATO

ABS V-03rd

V-05th

V-01st

15% BDPPC/ABS V-23rd

V-25th

PC/ABS:   BDP lost UL94 V-0 rating at  3rd, & 5th round due to:
- Long burning time
- Dripping

Multi-Pass recycling evaluation from 1st – 5th rounds in the Injection Molding machine 
(50% neat polymer / 50% re-drained material)



Recycling of Electronic waste
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• The amount of Electronic waste generated every year in the EU is 

increasing rapidly.

• The European Commission is setting each year higher recycling 

targets, but with more and more restrictions on Mechanical 

recyling (POPs/SVHC).

• Mechanical recyling of plastics containing BFRs is allowed, ones 

proven POP legacy BFRs are below limits: POP PBDEs < 1000 ppm 

and HBCD < 100 ppm.

Average composition of WEEE plastics for recycling (2020) 

• Currently, Heavy plastics >1.1 g/cm3 are treated via incineration, cement kiln or Landfill mainly due to scale of economy.

• Novel sorting technologies, solvent-based technologies or Chemical recycling are the key for solving this challenge.

• BSEF Sophie’s report concluded that “BFRs are not hindering plastic recovery in EU”

~10.9 MT
WEEE

~2.5 MT
Plastics



Post-consumer recycling of HIPS & ABS:
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ICL plays an important role in PLAST2bCLEANED and other solvent based purification processes.

PLAST2bCLEANED project:

• The overall aim is to close the loop on polymer (HIPS & ABS), bromine and antimony trioxide (ATO).

• Technology based on Super Critical Solvent using high pressure and high temperature.

• ATO recovery via ultra centrifuge and BFR removal via adsorption columns or ceramic filters

• Next challenge is to scale up from pilot to a demo-plant or a full-scale plant.



Conclusions:
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• Flame retardants are the main way to ensure the safety of various products

• Brominated Polymeric FR-122P is an effective and sustainable solution for  XPS & EPS foams. 

• Post-consumer Recycling of XPS and EPS with legacy BFR is possible (PolyStyreneLoop 

Demoplant)

• ABS-BFR  and PC\ABS-BFR present significant advantages over PC\ABS-PFR.

• Recycling of HIPS-FR and ABS-FR form Electronic waste in Europe is challenging, innovative 

separation technologies and recycling technologies (like the CreaSolv® Process or Chemical 

Recycling) are key elements for increasing recycling yield.



Disclaimer
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• Copy or use of this presentation or any part thereof is forbidden, without the prior written consent of ICL.  ICL 

retains all intellectual property interests associated with this presentation, including but not limited to trade 

names and marks. 

• ICL makes no claim, promise or guarantee of any kind regarding the accuracy, adequacy or completeness of the 

content of the information presented and expressly disclaims all liability for any errors or omissions in such 

content. ICL does not warrant that the information contained herein is true, up-to-date, or non-misleading.  

• ICL makes no warranties hereunder whether express or implied, including, but not limited to, warranties of 

merchantability and fitness for a particular purpose. ICL shall not be held liable for any damages, whether 

compensatory, direct, indirect, incidental, special, or consequential, arising out of, in connection with or based on 

the content of this presentation and accepts no liability for the consequences of any actions taken on the basis of 

the information provided.

• The information herein is not intended to constitute advice or a recommendation, whether scientific, regarding 

hazardous materials, chemical exposure or otherwise,  and should not be relied upon in lieu of consultation with 

appropriate scientific advisors.

• ICL is a publicly traded company. The information herein may reflect the ICL’s current views with respect to future 

events or financial performance, which may change. You may not rely on this presentation as providing an 

analysis of the ICL’s financial position or trading prospects. This presentation does not constitute an offer or 

invitation to purchase any securities, and no part of it shall form the basis of any investment decision in relation 

thereto. 



Thank you

Eyal Eden Eyal.Eden@icl-group.com
www.icl-ip.com
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