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Brominated Flame Retardants 1

e Penta and Octa-BDE

O

O

OctaBDE was commercialized sometime in the mid 70’s

PU foam and ABS plastics, FR textiles, thermoplastics in electronics, vehicles
etc

RoHS Directive (2002/95/EC) (recast Directive 2011/65/EU in 2013)

« To reduce the hazardous content in electric and electronic appliances

* required heavy metals such as lead, mercury, cadmium, and hexavalent chromium and flame retardants
such as polybrominated biphenyls (PBB) or polybrominated diphenyl ethers (PBDE) to be substituted by
safer alternatives.

Prohibition in the EU in 2004

« placing on the market and use in concentrations higher than 0.1 %
Recycling was not separately considered



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011L0065

Brominated Flame Retardants 2

e HBCD
o Use began in large scale in 1980’s
o Mainly in EPS, XPS insulation and packaging, some electronics and textiles
o Listing in Stockholm Convention in 2009
o Prohibition in the EU in 2017
o Use only by authorisation since 2015

e Deca-BDE

o Directive 2011/65/EU (ROHS Directive) restricted the use of
decabromodiphenyl ether in electrical and electronic equipment

o Prohibition in 2019, with exemptions for automotive and aviation
 placing on the market and use in concentrations higher than 0.1 %

o Plastics/polymers/composites, textiles, adhesives, sealants, coatings and
iInks. DecaBDE containing plastics are used in housings of computers and

s TVs, wires and cables, pipes and carpets.



WEEE Directive (2002/96/EC) (recast Directive 2012/19/EU in 2014)
Prevent WEEE formation and support reuse
Collection rate: 4 kg/year per person from households
Must be collected separately from other waste
Users responsible for delivering the appliances to separate collection

Respective national legislation in 2004
Producers must collect all WEEE from users irrespective of the target
Estimates made in 2003: 23 kg/year WEEE per person
Focus in metal recycling
In 2007 the most common disposal for WEEE plastics was landfilling
Recovering plastics had to be developed to meet the WEEE recycling targets



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32012L0019

2008 Review of Directive 2002/96 on Waste Electrical
and Electronic Equipment

e 2005 data, EU average

Current %

collected of

# Treatment category WEEE Arising
LA Large Household Appliances 16.3%
1B Cooling and freezing 27.3%
1C Large Household Appliances (smaller items) 40.0%

15A8 Small Household Appliances, Lighting equipment

— Luminaires and 'domestic’ Medical devices 26.6%
3A IT and Telecom excl. CRT's 27.8%
3B CRT monitors 35.3%
3C LCD monitors 40.5%
4A Consumer Electronics excl. CRT's 40.1%
4B CRT TV's 29.9%
4C Flat Panel TV's 40.5%
5B Lighting equipment — Lamps 27.9%
6 Electrical and electronic tools 20.8%
7 Toys, leisure and sports equipment 243%
8 Medical devices 49.7%
9 Monitoring and control instruments 65.2%
g 10 Automatic dispensers 59.4%

Table i: Current amount of WEEE collected & treated as percentage of WEEE Arising
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History of end-of-life vehicles (ELV)
recycling

e Old cars have always been recycled to some extent
e Many operators all over the country

e ELV directive (2000/53/EC) entered into force in 2007
o Producers must ensure ELV management

O RecyC”ng targets: 85 % in 2006 and 95 % in 2015 ERI MATERIAALIEN OSUUS AUTON KUIVAPAINOSTA

* Increases need more and more plastics

mlmt— 5%

e FI: 70 000 — 80 000 vehicles recycled annually .. ,7,:
o Now: 275 collection points
o Average age 21 years I
« Appproaching the time when PBDEs phase out started terds I

2005

. Plastic

BMW 303 BMW 3-sarja BMW 3-sarja

n. 820kg n.1010kg (318)

n. 1435 kg (318i)

I Steel

Other

Grafitkka Vesa Pynnéniemi

Tekniikan Maailma 16/2010



& ... STATE OF THE ART VEHICLE
seer i RECYCLING (IN INDUSTRIALLISED COUNTRIES)

* Applying several typical processes, a car can be recycled and legal
quota of 85% for Recycling and 95% for Recovery can be achieved

DecaBOL
containing

Shredding PST (e.g. SiCon process) S Application depend
~
~ .‘ on applied technology
: T and market demands
MM Up to 15%

Material for |
Recovery
. max 5%

and minimum dismantling acc, : — - Disposal:
to Annex 1 of ELV 2000/53/EC

1%
{non-metallic re-use) . Fe-scrap NF-Metals |
Y
4% 75%
{fluids | tires) {incl. metals from pre-treatment + dismantiing)

Recycling Quota: =
. z aE
W B Recycling and Recovery Quota: ) =95 %
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POPs and recycling

Penta- and Octa-BDE listed in Stockholm Convention in 2009
Waste management was discussed

o It was not clear whether recycling of materials containing BDEs would be
possible and in accordance with the Convention
« a ban with a limit value and no exemption for recycling
» a ban with a recycling exemption
« exemption for imported articles

No recycling exemption for HBCD or Deca-BDE

What does this mean in practice?
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Article 6(1)d of the Stockholm Convention

(d) Take appropriate measures so that such wastes, including products and

articles upon becoming wastes, are:

(i)

(ii)

(iii)

Handled, collected, transported and stored in an environmentally
sound manner;

Disposed of in such a way that the persistent organic pollutant
content is destroyed or irreversibly transformed so that they do
not exhibit the characteristics of persistent organic pollutants or
otherwise disposed of in an environmentally sound manner when
destruction or irreversible transformation does not represent the
environmentally preferable option or the persistent organic pollutant
content is low, taking into account international rules, standards,
and guidelines, including those that may be developed pursuant to
paragraph 2, and relevant global and regional regimes governing the
management of hazardous wastes;

Not permitted to be subjected to disposal operations that may lead
to recovery, recycling, reclamation, direct reuse or alternative uses
of persistent organic pollutants; and

———
———
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Low POP Content by Basel Convention

UNEP/CHW/OEWG.12/INF/7

e

le 2: Provisional definitions of low POP content?

POP Low POP content
Aldrin 50 mg/'kg
Alpha-HCH, beta-HCH and lindane 50 mg/kg as a sum’
Chlordane 50 mg/ke
Chlordecone 50 mg/ke
DDT 50 mg/ke
Dieldrin 50 mg/ke
Endrin 50 mg/ke
HEB 50 mg'ke
HBCD 100 me/ke or 1000 mg/'kg
HCB 50 mg'ke
HCBD 100 mg/'kg
Heptachlor 50 mg/'kg

Hexabromodiphenyl ether and heptabromodiphenyl
ether and tetrabromodipheny] ether and
pentabromodiphenyl ether

50 mg/kg or 1000 mg/ke as a sum®

[Hexabromodiphenyl ether and heptabromodiphenyl
ether and tetrabromodiphenyl ether and
pentabromodiphenyl ether and decabromodiphenyl
ether (BDE-209) present in commercial

[[50 mg/kg] [500 mg/ke] [1000 meg/kg]
as a sum®|

decabromodiphenyl ether]
Mirex 50 mg'ke
PCBs 50 mg'ke

PCDDs and PCDFs!?

1 pe TEQ/ke or 15 pe TEQ/ke

11



When do you apply LPCL?

sl 5TOPPED-No Longer Produced

PRODUCTION
B e LSRR AR AR AR RN NN

MINOR USES. ABS CASINGS
HIPS o
PBT —

r .
Mhesm |
IN USE \

Low POP Content  presyrssyes

WASTE
MANAGEMENT
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In simple terms

Separation of materials above LPCL

ﬁw National reqgulations
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In practice

Separation according to

content of BDEs

5170721

Shredding

WEEE . Below LPCL
Collectior

50 mm
Metals removed

Above LPCL

RN ll\l~<; N
chemical analysis
BFRs removed

Plastics

processing

Injection molding

extrusion

ESM according to General Technical Guidelines

—

S ¥ K E

Regranulation

Regrind melted
filtered and turned
into pellets

J Product j
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Example HBCD

e EPS insulation board 6700 mg/kg HBCD
e Low POP Content in the EU 1000 mg/kg

e Inthe EU a limit value set for "unintentional trace contamlnatlon” UTC
100 mg/kg i

» EPS board will be POP waste when disposed of (>LPCL)

» POP content must be destroyed according to Article 6

» Either remove the BFR in the insulation board or destroy the board o
in an environmentally sound manner
(according to ESM guideline of the Basel Convention)

S ¥ K E 15




HBCD in EPS- ja XPS plastics in Finland

e Large scale use since 1980’s
e Use ended by 2017 (in the whole EU)

e 10% of the EPS insulation flame retardant in Finland
« Source: Finnish insulation industry association

o Ground frost insulation has traditionally been the biggest
EPS application — non-FR

o EPS for walls and and floors must be flame-retardant
e Historical use (i.e. more than 15 years ago) unknown!

¢ In the renovation you will likely find both FR and non-FR
grade EPS/XPS

o POPs waste must be separated on site for destruction
o If not = 670 mg/kg

This will go on for
the next 100 years

S Y K E 16
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ACEA

= POSSIBLEUSESO@A-BDEI CARPARTS

Possible DecaBDE applications are widely distributed in vehicles

In the passenger compartment rertorced plasis
Seats and head rests eloctrical & electronies ool p
Dashboard Settivy tray

Wires and cables : ik s bl

g ioe Cconbro
ehecincal comedlon

Sound deadening parts ———

racdo, dhak, P53 and

Door sealing gaskets Sy
Door trims

fabnc back-coating

o dexk
wheitery
2N wsds
headd reat
Lramn paned

under hood and 1P

Iayhey amiperaje wreand
Colnde Jackitirg (nien wire)

Under the hood (engine, battery,...)
In the passenger compartment (inside airbag systems, headliner lights, dashboard,...)

In the heating, ventilation, air conditioning system pipes
In the fuel circuit (pipes, tank)
Others ( locks, rear-view mirrors,...)

mm) A complete dismantling is not possible!
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How many parts a vehicle contains?

Hyundai Motor Europe Tech. Center

 Depending on the complexity, there are between 4.000 & 9.000
different main components contained in a vehicle platform
(without multiple entries for one specific part).

— e.g. The vehicle platform
of one OEM contains
8.400 components
(=28.000 incl. common
parts) from 1.800 suppliers!

— Up to 75% of a car
are pre—manufactured
by supply chain

Total number of components assembled to
one vehicle: up to 28.000
(example: 1 tire = 1 part reference number;
number of tires per vehicle = 4)

Products from other industries may be even more complex!

e.q. aerospace, engineering indust
o (e.g P g g y)




When you fail

Taylor & Frandis
Tayhor b Francit Growp

Occurrence of brominated flame retardant d kitchen utensils

purchased on the European market

) samsonck® and F. Puyp¢
Institu pro (estovani @ certifikaci, @-5-: Trida Tomase Bati 299. 764 21, Zlin, Czech Republic

(Received 7 September 2012; accepted 22 July 2013)

In onder 1© screen for the presence of a recycled polymer waste stream from waste electric electronic equipment
market survey was conducted o0 black plastic food-contact articles (FCA)- An analytical method was applied

wy (XRF) with thermal desorption 838 chtomtogmhy coupled with mass

i ied t0 distinguish promine-positive samples-

in the StockholmCemion for global elumire on, partcatay 'O - ! i
L ComY = dge. this is the first publically available investigation of PBDEs in
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