
Brominated Flame Retardants 
Recycling E-Waste Chart

HBCD DecaBDE PentaBDE OctaBDE TBBPA EBP ATO Brominated PS

Cas # 3194-55-6 1163-19-5 32534-81-9 32536-52-0 79-94-7 84852-53-9 1309-64-4 88497-56-7

Name Hexabromocyclododecane Decabromodiphenyl ether Pentabromodiphenyl ether Octabromodiphenyl ether Tetrabromobisphenol-A Ethane1,2 bis pentabromophenyl) Antimony trioxide Brominated polystyrene

Remarks No longer manufactured by BSEF members No longer manufactured by BSEF members No longer manufactured by BSEF members No longer manufactured by BSEF members Synergist used in combination with some 
brominated flame retardants

FLAME RETARDANT SUBSTANCES:
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Disclaimer
BSEF has compiled this presentation very carefully and the present information is believed to be correct. However, this information is not exhaustive and for obvious reasons some
complex points had to be simplified. 
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preferred option

least preferred option

POP listing and 
REACH restriction 
proposals

1  PRODUCTS   PLASTIC PARTS   REGULATIONS4  �  � 

Housing

No restriction

EBP

ATO

Brominated
PS

TBBPA
(reactive)

Printed circuit
boards

Cables

Connectors



Restriction
under RoHS7

POP under
Stockholm6

Authorisation
under REACH5 
(Annex XIV)

�IT electronics
(microprocessors, computer
servers, modems, printers,
copy machines…)

c-PentaBDE

Consumer 
electronics1

(hairdryers, heaters,  
TV sets, laptops…)

White goods
(tumble dryers, dishwashers,
washing machine…)

�RELEVANT 
EoL & WASTE 
REGULATIONS

�END  
PRODUCT

�TYPICALLY  
USED FRs2

Landfilling

Incineration

Thermal processing/
depolymerisation/
gasification

Mechanical recycling

Chemical recycling
(solvolysis)

Energy
recovery

Urban
mining

Recycled
plastic 
with FR

HBCD3

DecaBDE

 �WASTE TREATMENT 
OPTIONS

Restriction
under REACH7 
(Annex XVII)

c-OctaBDE Occupational health
and safety measures 
exist for workers at 
recycling facilities

Dust filters are
installed at shredders

Provisions of
the EU landfilling
directive

Emission limits
of the IED

Advanced solid waste 
incineration allowed 
under Basel Convention

1 �Depending on the device the fire safety requirements and the plastics used for the housing might be different  
(e.g. hairdryers need to be V0 with ABS as a typical polymer, while TVs only need to be V1 and polymer alloys  
are more common)

2 �This gives just an initial, non-comprehensive overview. There are more flame retardants with no restrictions
3 �Use of HBCD in E&E is minimal, therefore rarely detected

4 �Special transportation requirements or controls exist in a limited number of European countries for plastic waste containing certain PBDEs
5 �If Annex XIV substance is present in recyclate <20% it is considered as an impurity. However, if this substance fulfills a function in the 

recyclate it needs an Authorisation
6 �For POPs (Persistent Organic Pollutants): a threshold for POP BFRs under the Basel Convention has not yet been defined yet although 

the EU has established a concentration limit for the POP-BDEs in articles or waste of 1000mg/kg, for the sum of concentrations of the four 
POP listed BDE congeners

7 �Recycling may be possible if content in recycled material is below threshold of 1000ppm. For RoHS: recycled material containing 
DecaBDE could be used for other applications than those in the RoHS scope (e.g. for automotive applications)

RECYCLABILITY DEPENDS ON:

1 ���Material composition

1 ���Cleanliness of waste streams

1 ���Available technology

1 ���Economic considerations

1 ���Regulations


