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4. Flame retardants, health and the environment
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REACH

General health and environment requirements for flame
retardants in the context of REACh
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COMPLIANCE

= REACh Registration, Evaluation, Authorisation and Restriction of
Chemicals (EC 1907/2006) aims to improve the protection of human
health and the environment through the better and earlier
identification of the intrinsic properties of chemical substances.

= REACh also aims to enhance innovation and competitiveness of the
EU chemicals industry.

= The Regulation also calls for the progressive substitution of the
most dangerous chemicals (referred to as "substances of very high
concern SVHC") when suitable alternatives have been identified.
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REACH
General health and environment requirements for flame retardants S

in the context of REACh

***

COMPLIANCE

= There are two annexes in REACh regulating SVHC chemicals (Annex XIV)
and their restriction (Annex XVII)

= Annex XIV: List of substances subject to authorisation — list of
substances that can only be used or placed on the market in the EU if
an authorisation is granted (unless exemption applies, the sunset date
has not passed or if a valid application is still pending).

= Candidate list of SVHC flame retardants for authorisation (23.01.2024)

* Decabromo diphenyl ether (DecaBDE)

* Various boron compounds (diboron trioxide, boric acid, disodium
tetraborate, tetraboron disodium heptaoxide hydrate)

* Tris (2-chloro ethyl) phosphate (TCEP)

* Hexabromocyclododecane (HBCD)
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REACH

General health and environment requirements for flame
retardants in the context of REACh (continued)
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COMPLIANCE

=  * Melamine

* Bis(2-ethylhexyl) tetrabromophthalate

*2,2',6,6'-tetrabromo-4,4'-isopropylidenediphenol

* Orthoboric acid, sodium salt

* Medium-chained chlorinated paraffins (MCCP)

* 2,2-bis(bromomethyl)propane-1,3-diol (BMP); 2,2-
dimethylpropan-1-ol, tribromo derivative/3-bromo-2,2

-bis(bromomethyl)-1-propanol (TBNPA); 2,3-dibromo-1-propanol
(2,3-DBPA)



FEPS I DR. TROITZSCH

Fire and Environment Protection Service

REACH

General health and environment requirements for flame _
retardants in the context of REACh e

COMPLIANCE

= Annex XVII: Restrictions on the manufacture, placing on the market
and use of certain dangerous substances, mixtures and articles — list
of substances restricted for manufacture, import use or presence in
articles in the EU and the conditions of the restriction.

= Restriction list of 12 December 2023 for flame retardants

* Inorganic ammonium salts

* Octabromo diphenyl ether (Octa)

* Polybrominated biphenyls (PBBs)

* Tris (2,3 dibromopropyl) phosphate (Tris)

* Tris (aziridinyl) phosphine oxide (APO) (textiles)
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General health and environment requirements for flame
retardants in the context of the CLP

= The European Regulation on classification, labeling and packaging
of substances and mixtures No 1272/2008 (CLP) has the aim to
ensure a high level of protection of human health and the
environment as well as the free movement of substances, mixtures
and articles.

= CLP allows for the identification of hazardous chemicals and the
communication of these hazards to users through labeling. It also
provides the basis for safety data sheets (SDS) regulated under the
REACh Regulation, and sets requirements for the packaging of
hazardous chemicals.
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General health and environment requirements for flame
retardants in the context of the CLP

= |n the CLP, the intrinsic properties of a substance or mixture are
assessed to determine its potential to cause harm.

= |If a hazard is identified and meets the classification criteria in Annex |
to the CLP Regulation, a certain hazard class will be assigned to the
substance or mixture.

= There are hazard classes for physical hazards, health hazards, and
environmental hazards.
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General health and environment requirements for flame
retardants in the context of the CLP

=  For most substances and mixtures, manufacturers, importers,
downstream users and distributors must determine the hazard
classification themselves. In certain cases, the classification of a
chemical is harmonised at EU level. The list of harmonised
classification and labelling is included in Annex VI to the CLP
Regulation.

=  Once the substance or mixture is classified based on its hazards, the
hazards needs to be communicated to the user. The label of a
hazardous substance or mixture includes pictograms, signal words,
hazard, precautionary, and supplemental statements.
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General health and environment requirements for flame
retardants in the context of the CLP

= The CLP attributes precautionary and hazard statements to substances
and mixtures.

= Precautionary statements (P...) address prevention, response, storage
and disposal

= Hazard statements (H...) are summarized in Annex VI of the CLP, Table
3.1
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General health and environment requirements for flame
retardants in the context of the CLP

= The hazard statements also concern some flame retardants (in
decreasing frequency)

* Aquatic life (H400-402; H410-413)
* Eye damage (H318-320)

* Swallowed (H300-302)

* Damage to organs (H370-373)

* Damage to fertility (H360-361)

* Inhalation (H330-333)

* Contact with skin (H310-317)

* Cancerogen (H350-351)
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Specific health and environment requirements for flame
retardants used in E&E equipment: RoHS and WEEE

= Two regulations specifically apply for E&E equipment regarding
hazardous substances and recycling

= RoHS Directive 2011/65/EU on the restriction of the use of certain
hazardous substances in electrical and electronic equipment

= In Annex ll, restricted substances referred to in Article 4(1) and
maximum concentration values tolerated by weight in homogeneous
materials are summarized

* Lead (0,1 %)

* Mercury (0,1 %)

* Cadmium (0,01 %)

* Hexavalent chromium (0,1 %)

* Polybrominated biphenyls (PBB) (0,1 %)

* Polybrominated diphenyl ethers (PBDE) (0,1 %)
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Specific health and environment requirements for flame
retardants used in E&E equipment: RoHS and WEEE

= WEEE Directive 2012/19/EU on waste electrical and electronic
equipment

= Main categories of EEE covered by this Directive

* Large household appliances

* Small household appliances

*IT and telecommunications equipment

* Consumer equipment and photovoltaic panels
* Lighting equipment

= |n Annex VIl Selective treatment for materials and components of EEE
plastics containing brominated flame retardants have to be removed
from any separately collected WEEE
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What are the challenges for plastics waste?

= Reduce disposal and landfill
= Optimize mechanical recycling

= Promote chemical recycling

Source: Plastics Digest

What are the opportunities?

= |n Europe, there has been great progress in reducing landfill
=  Mechanical recycling of FR plastics is feasible

= Chemical recycling of FR waste is coming up
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What is Circular Economy?

Circular economy is an economic system aimed at minimising waste and making the most of
resources.

In a circular system

= Resource output and waste, emission, and energy leakage are minimized by energy
and material loops

= This can be achieved through sustainable design, reuse, remake and recycling

Behind this approach is a change away from the linear model of “take-make-dispose“ to a
system of closed loops powered by renewable energy

take ~
- ke recycle make
remake use
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CC 3.0 Catherine Weetman 2016
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EU Commiission circular economy package
Legislative framework

There is a number of EU regulations on waste:

= Directive 2008/98/EC on waste (Waste Framework Directive) Source: environmental leader
Objective: Turn the EU into a recycling society

= Directive 1999/31/EC on the landfill of waste
Objective: Prevent or reduce negative environmental effects from waste landfilling

= Directive 94/62/EC on packaging and packaging waste
Objective: Recovery and recycling of packaging waste

= Directive 2000/53/EC on end-of life vehicles
Objective: Reduction of waste arising from end-of-life vehicles

= Directive 2006/66/EC on batteries and accumulators and waste batteries and accumulators
Objective: Improve environmental performance of batteries and accumulators

= Directive 2012/19/EU on waste electrical and electronic equipment (WEEE)
Objective: Collection, recycling and recovery targets for all types of electrical goods
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Recycling possibilities

= Energy recycling: Energy recovery process of
utilizing energy that would normally be
wasted, usually by converting waste
into electricity or thermal energy

= Mechanical recycling: Waste materials
recycled into “new” (secondary) raw materials
without changing the basic structure of the
material

Source. Borealis

= Chemical recycling: Plastic waste converted
into chemicals to be used as fuel or raw
materials by the chemical industry

Source: www.circulary.eu/project/polystyrene-loop/
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How can plastic waste containing flame retardants be recycled?

Basically by energetical, mechanical and chemical recycling

= Energetical recycling is commercially available for all plastics waste, even for plastics
containing restricted legacy flame retardants. However, the incinerators’ capacity may
be limited. In addition, energetical recycling releases high amounts of CO,

= Mechanical recycling of FR plastic waste must ensure retention of mechanical and fire
performance properties of the recycled polymer

= Chemical recycling converts plastic waste into its original components by pyrolysis
(feedstock recycling) or by solvent-based technologies (material recycling), where in
addition, unwanted compounds are separated

= Recycling of waste containing hazardous substances such as certain legacy flame
retardants (PBDEs, HBCD) is restricted by international regulations

Source: Waste management world Source: NM Heilig
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Legislative framework concerning flame retarded waste

There is a number of restrictions concerning flame retarded waste

REACH regulation®: Registration, Evaluation, Authorisation and Restriction of Chemicals REACH
Annex XIV Authorisation:

= HBCD sunset date 21 August 2015

Annex XVII Restriction:

=  Penta BDE <1000 ppm

=  Octa BDE <1000 ppm

= Deca BDE < 1000 ppm (with exceptions for aircraft, automotive)

COMPLIANCE

POP regulation?: Persistent Organic Pollutants
Restricts the flame retardants
=  Penta BDE <1000 ppm

. STOCKHOLM
Octa BDE <1000 ppm CONVENTION

=  HBCD < 1000 ppm for waste and < 100 ppm (under discussion*) i A A ol the

Froami s ! T 1yl

for application in products
= Deca BDE - not yet determined*

* Decision in 2019 by Stockholm Convention

1: Regulation (EC) No 1907/2006 of the European Parliament and of the Council on the Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH)

2; Regulation (EC) No 850/2004 of the European Parliament and of the Council of 29 April 2004 on persistent organic pollutants and amending
Directive 79/117/EEC
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Legislative framework concerning flame retarded waste

RoHS Directive?: Restriction of the Use of certain Hazardous Substances in Electrical and Electronic Equipment
Annex Il Restricted substances:
= PBDEs <1000 ppm
= PBBs <1000 ppm

Discussions on additional flame retardants to be included into future RoHS: -

= Antimony trioxide, e

= Tetrabromobisphenol A (TBBPA), N —

=  Medium Chain Chlorinated paraffins (MCCPs) EU ROHS-Z

WEEE Directive*: Waste Electrical and Electronic Equipment

Annex VIl Selective treatment for materials and components:

= Plastics containing brominated flame retardants have to be removed
from WEEE and separately collected

Wonie ElecH

I2al end Iinelianic Tavinmand

3: Directive 2011/65/EU of the European Parliament and of the Council of 8 June 2011 on the restriction of the use of certain hazardous substances in
electrical and electronic equipment (recast)

4: Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on waste electrical and electronic equipment (WEEE) Text with EEA
relevance



FEPS I DR. TROITZSCH

Fire and Environment Protection Service

Opportunities for recycling of plastics waste containing flame retardants

Despite these restrictions, there are good recycling possibilities for FR plastics waste
= Energetic recycling of FR waste is basically possible for all waste streams
= Mechanical recycling of FR waste (WEEE, automotive) is possible with the existing limit values

= |f the limiting values for legacy FRs were substantially lowered, these waste streams could no
more be mechanically recycled

= Chemical recycling of EPS/XPS FR waste foams is possible and a demo-plant being set up

Source: closeweee.eu
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Mechanical recycling of WEEE plastics containing Brominated Flame Retardants (1)

In Europe, around 3 Mio. t plastics are used in new Electric and Electronic Equipment (EEE)
* Inthe separately collected EEE Waste (WEEE) the main plastics are HIPS, ABS, PP and PC-ABS

= |In the average mix of WEEE plastics only 5-10 % of plastics contain brominated flame
retardants (BFRs)

= Plastics with BFRs are typically used in appliances such as CRT televisions, monitors, printers,
as well as connectors and printed circuit boards in IT equipment

Source: Atlas Development Machinery
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Mechanical recycling of WEEE plastics containing Brominated Flame Retardants (2)

First, WEEE plastics are checked to their Br content in EN 50625-1"
= |f WEEE plastics contain < 2000 ppm Br, they are considered as free from restricted BFRs
= They are separated into their individual polymers, extruded and compounded

= |f WEEE plastics contain > 2000 ppm Br, the brominated plastics must be separated from
other WEEE plastics

= Around 8% of this fraction contains restricted BFRs and goes to incineration
= The other 92% go to normal polymer separation, extrusion and compounding
= All recycled WEEE plastics are finally checked to existing legislation (REACH, POP, RoHS)

* The individual steps are shown in the following diagram of EERA, the European Recyclers
Association

*EN 50625-1: Collection, logistics & treatment requirements for WEEE - Part 1: General treatment requirements
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Mechanical recycling of WEEE plastics containing Brominated Flame Retardants (3)

Treatment of WEEE plastics containing Brominated Flame Retardants (BFR'S) ~ _——#oes ssustonsptes
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v restricted BFR's above the threshoid
o . values Can thus be used in advanced
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13 the separaten of the ndindual
palymens.
The processes also have non-recy-
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Source: Responsible recycling of WEEE plastics containing brominated flame retardants. EERA Brochure, 2018,




