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Recycling plastics

Our patented CreaSoly® process
provides excellent value-creation
Special purification processes effec-
tively separate contaminants and
harmful materials. The plastics that
are recycled from contaminated mix-
tures o composite materials have
properties e quivalent to those of
the virgin plastics

The recyeling of type-pure plastic
waste fractions is established and
common practice. Sorting and treat-
ment processes for mixed post-con-
sumer waste cortaining adherent
contaminants have been developed
for plastic packaging materials

CreaSolv® is a registered trademark of CreaCycle GrmbH

However, for many post-consurmer
mixtures of plastics, for example
those with similar density, there is
however still 2 lack of available
separating technologies for removing
the external contaminants. The
Fraunhofer IV is currently carrying
out work i the following areas on
the separation and purification of
plastics and reuse of the type-pure
materials

~ separation of PEFPVC mixtures;

~ separation of ABS-HIPS mixtures;

~ separation of plastic-metal
lamminates

The separation of internal conta-
minants is the second main focus
of our work. We provide unique
solutions for example for the:

~ separation of barrier materials,
pigments and fillers from PET;

~ separation of plastics containing
flame-retardants from those not
containing flame-retardarts;

~ removal of brominated flame-
retardants from waste plastics
from the electrical industry

Our recycling processes are hence
competing with feedstock recovery
and waste site disposal. The feed-
stock recovery processes are not
viable due to costly extra payments
having to be made and have mostly
been stopped. Waste site disposal
will also not be applicable with expiry
of the TASI (Techrische Anleitung
Siedlungsabfalj implementation
deadline on 1 June 2005 for mixed,
energy-rich (namely plastic-contain-
ing) waste. In contrast, the Fraunhofer
processes also offer value-creation
due to the pure, high-quality and
quality assured plastic recyclates
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~ recycling of packaging plastics (PET
and EPS);

~ recycling of industrial plastics (4BS
and HIPS)

Before describing the projects in
detail, 3 brief introduction to the
recyeling process is given

The term sefective extraction des-
cribes a mechanical recycling process
for plastics which allows very pure
plastics to be recovered due to their
specific solubility The special feature
of the method is the fact that the
material is purified at the molecular
level. Contaminants that are detri-
mental to quality are removed under
mild conditions and with maintenance
of the polymer properties

In corjunction with CreaCycle GrmbH
in Grevenbroich, a specialist formu-
lator of solvent systerms not subject
to dedaration obligations under EU
regulations, the method was devel-
oped into the CreaSolv® process

The 3 main steps in the process are

~ dissoltion of the target plastic
using a selective solvent; other
components in the waste fraction
remain undissolved;

~ separation of contaminarts from
the recovered polymer solution;

~ precipitation of the target plastic
from the purified polymer solution

If necessary, the main steps are
supplemented by upstream crushing
and pre-cleaning processes and by
downstream conversion involving
mechanical concentration, drying and
compounding

icling Plastics

This recycling process is currently
being tested at the Fraunhofer [V
on industrial composite materials,
©.g. ABS waste containing flame-
retardants from the electronics
industry and car manufacturing
industry, and optimized on a small
pilot-plant scale. The aim is to scale
up the process to industrial plants
for the production of quality-assured
recyclates

Fiqure 2: Shreddad
dashboards

I order to be able to survive in the
marketplace, the plastic recyclates
must possess properties akin to virgin
materials. In the process optimization
work, the functional property require-
ments and hence the specifications
regarding the type-purity, additive
cortent and aging properties are
decisive. The analytical specification
of the input fractions provides devel-
opment targets for the recycling
process and base data for the quality
control of the recyclate

We are hence able to offer our cus-
tomers individual process solutions
Using modern equipment, bromi-
nated flame-retardants and their
toxic degradation products (poly-
brominated dioxins and furans) are
for example analyzed. This analytical
work allows us to evaluate the
efficiency of the recycling process,
namely product quality versus pro-
cess costs
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Phone +49 (0) 81 61/451-3 30
andreas maeurer@ivufraunhofer.de
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Recycling mixed PET

The Fraunhofer VY has carried out
a research project, funded by the
BMEBF. to develop a new recycling
process. Post-consumer, mixed PET
waste from DSD collection (the kerb-
side collection system in Germany)
has been able to be recycled such
that the recyclate can again be used
for bottle manufacture. Mecharical
recyeling of even mixed PET waste to
produce materials that can be used
for new bottles is hence possible

Background

The increasing use of PET bottles
means that the quantity of PET waste
in Germany is continuovsly growing
In 2002, 70,000 tonnes of PET was
collected via the DSD system. The
introduction of a mandatory deposit
drasticaly reduced the quantities of
PET collzcted via the DSD system
Simultaneously, the complexity of

the waste increased markedly. The
fraction of PET bottle waste from

the non-food sector collected via the
DSD system is currently 15% and in
addition there is a lot of packaging
materials (films, trays and blister
packs). The total quarntity of PET
waste that s collected is growing
annually by about 15%. With the
growing use of multi-layer packaging
materials (including coatings and new
additives for improved oxygen bar-
riers) there s, in addition to the PET,
an increasing amount of other plas-
tics entering the recycling loop. As

a result, the composition of the PET
is changing. This requires further
development work to be undertaken
on PET recyeling

Innovation

The separation of the PET-containing,
contaminated, different colored
plastic waste from the DSD collection
into type-pure fractions using con-
ventional float-sink methods or
methods based on the optical and
electrostatic properties of the mate-
rials has proved unsatisfactory. Only
a customized separation process,
which removes the contaminants
from the plastic matrix by purifying
the polymers at the molecular level,
is able to produce the required recy-
clate properties

In the innovative process we have
designed, a selective solvent dissolves
the target PET into its macromole-
cules, but does not attack the macro-
molecules Inert and dissolved con-
taminarnts are then separated from
the recovered polymer solution by
mechariical and chemical-physical
methods. The next stage of the
process inwolves adding a selective
precipitating agent and precipitation
of the PET by altering the tempera-
ture. The research team has tested
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tion of the PET and based on this
work has developed a special solvent
formulation (not subject to declara-
tion obligations under EU regulations)
which from a commercial perspective
also guarantees viable processing
parameters. Aromatic and halogen-
ated solvents were not concidered
due to their toxicity and classification
as hazard materials. The solvents
were recycled, mostly by mecharnical
means, and this has  favorable im-
pact on the energy usage. The quality
of the separation of the solvert and
precipitating agent has a key in-
fluence o the quality of the product
and the effectiveness of the process

Results

The process was first of all developed
on a laboratory scale and then scaled
Up via an intermediate stage to a
small pilot-plant. This procedure
quarantees that the process can be
transferred to industrial scale and
provides key scale-up parameters

The evaluation of the rheological
and optical quality of the recyclate
materials was carried out in colla-
boration with British experts and
DuPont. The results demonstrated
the high quality of the recycled
products Based on comprehensive
evaluation of the process, which
took into account technical, environ-
mental and economic aspects to an
equal degree, the project group
specified the technical data for an
industrial plant in detailed plans for
realization of the process in practice.

Contact person
Andreas Maurer

Phone +49(0) 81 61/4 81-3 30
andre as. maeurer@ivy fraunhofer.de
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EPSloop

Recycling of EPS waste to
re-expandable polystyrene

Expanded polystyrene (EPS), better
known by the trade name Styropor’
is chiefly used in the construction
and packaging industries. Its appli-
cations include insulation boarding,
insulation bricks, containers for
refrigerated transport and packaging
for electronic articles. In Germany
alone, more than 10,000 tonnes of
EPS waste from these applications
are collected each year

The main problems associated with
the recyeling of this EPS waste are:

~ the high specific transport costs,
due to very low bulk density of
ca. 6.5 kafm?;

~ the low value-creation
Due ta the poor effectiveness of
the purification in existing pro-
cesses and the poor economic
wiability, high quality recyclates
cannot be produced from conta-
minated EPS waste. For that
reason, the main fraction of the
waste s thermally recycled. Only
small amounts are processed into
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milled products for floor leveling
compounds and insulation bricks
or into polystyrene recyclate for
injection molding;

~ the use of flame-retardants in the
construction products
These waste products must undergo
special disposal. In practice, how-
ever, material mixing takes place
and hence bromine-containing
materials end up in products used
in sensitive areas (packaging, stc.)

The aim of this project was to devel-
op & recycling process which allowed
re-exp andable polystyrene to be
produced from contaminated EPS
waste. & further aim was to draw
up 3 Ingistics plan for being able to
collect the EPS waste at favorable
cost

The high transport costs can be con-
siderably reduced by extreme volume
reduction (up to a factor of 50) by
dissolving the EPS waste in a special
solvent (not subject to declaration
obligations under EU regulations).
The recycling is carried out by the
CreaSolv® process which s based

on selective extraction

~ selective dissolution of EPS;

~ purfication of the solution from
undesired materials and
contaminants such as brominated
flame-retardants;

~ precipitation of the purified EPS

Suitable choice of processing para-
eters and process chemicals allows
virgin quality re-expandable poly-
styrene to be produced. This realizes
considerably higher value-creation
than the recycling of EPS waste to
around products or injection-molding
polystyrene. Even the recyeling of
highly cortaminated EPS waste
allows high quality recyclate to be
produced

The implementation of this tech-
nology on an industrial scale gives
not only an advantage for the col-
lection, due to the considerably

e duced transport costs, but also for
the processing due to the high value-
creation and removal of undesired
contarminants. Logistics companies,
e cycling companies and users of the
polystyrene recyclate all benefit from
this process

The project was funded by the
German Ministry for Trade and
Employrment (BMWA) within the
InnoNet program and was coordi-
nated by the Fraunhofer VY. The
interdisciplinary project team com-
prised another research institute to
evaluate the EPS components and
10 companies involved in collection/
logistics, solvent formulation, plant
construction, milling technology, in-
sulation material manufacture and
recyclate quality evaluation

Contact person
Udo Knauf

Phone +48 (0) 81 61/4 81-400
udo.knavf@ivy fraunhofer.de
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The Creasolv® process
technological breakthrough for
recycling plastics from electrical/
electronicwaste

Each year in Germany some 2 million
tonnes of electronic scrap are collec-
ted. Of this, 400,000 tonnes are
made of plastic materials, About
58,000 tonnes of plastic are collected
via the electricalfelectronic scrap
collections of the statutory public
waste management service. Orly
5000 tonnes of this are recycled,

the rest is sent for disposal. The
recycling quotas of 75% laid down
in the EU directive on Waste Electric
and Electronic Equipment (WEEE)
are hence not attained

The reasons for this are firstly the
diversity of polymers in the scrap
material and secondly the conta-
minant level. In addition to heavy
metals (Pb, Cd), flame-retardants are
amajor factor here. About 78% of
flame-retardants contain brominated
chemical compounds. Studies of the
German Environmental Agency show
for example that the combustion of
brominated diphenylether (PBDE)
leads to higher concentrations of
highly toxic polybrominated dibenzo-
p-dioxins and dibenzofurans (PBDD/F).
Polybrominated biphenyls (PBE)
behave in a similar way. Other studies
show that PBDDIF is even produced
during the extrusion of polymers with
PBDE. PBB or 1,2-bis-tribromphenoxy-
ethane (TBPE) flame-retardants. PBDD/F
are listed in the Banned Chemicals
Ordinance (ChemVV) and have strict
limit walues: sum 4 (1 ppb) and sum

5 (5 ppb).

Studies are hence being carried out
in the Demonstration Center for
Product Recycling of the Fraunhofer-
Gesellschaft an plastics from elec-

Recycling Plastics

tronic waste in order to study their
suitability for mechanical recycling
The recycled materials are estimated
to have & material value of about
400 million euros. This only applies
however if the requlated flame -
retardants (PEDE, PE) can be suc-
cessfully reduced to below 0.1%
and if PEDD/F concertrations below
the mentioned limit values can be
quaranteed

Figura 7: High-qualty
recyead prosdusts
test samples and
new applications

Separation of hazardous materials
using the CreaSolv® process

The CreaSolv® process is being used
for the first time for this purpose

The new recycling process, which was
optimized by the Fraunhofer WV in
corjunction with CreaCycle GmbH,
Grevenbroich, Germany, has been
protected in the form of patents and
trade name registration. The process
is based on the selective extraction of
the target polymer from the plastic
waste, followed by a purification step.
Undesired materials, for example ad-
ditives such as flame-retardants and
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toxic decomposition products are
effectively separated. The plastic is
recovered in pure form. The highly
pure recyclate that is produced is
converted if necessary and attains the
specifications of the virgin polymer.

I order to demonstrate the industrial
feacibility and commercial viabilty of
the process, the Fraunhofer IV built
asmall-scale pilot-plant. This was
used to optimize the method for the
next seale-up stage and to obtain
information about the effectivensss
of the process.

By varying the sohing, purifying and
precipitation processes, the elimina-
tion of flame-retardarts and PEOD/F
were optimized. Product samples
were prepared using the process
variants that were developed. These
produces were granulated in order

1o test the material parameters and
check for any new formation of
PEDD/F caused by regranulation. The
input fractions, intermediate products
and end products from the process
variants were analyzed for bromine,
flame-retardarts and PEDD/F and
hence the presence of contaminants
was tracked throughout the process
This allowed life cycle invertories for
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the product polymer and contami-
nants to be drawn up and elimination
rates for hazardous materials to be
calculated

The optimized CreaSolv® process, in
which several concentration steps are
combined, gives elimination rates for
brorinzted flame-retardants and
PBODF of 70-83%. The limit values
of the Banned Chenicals Ordinance
are therefore complied with, the

e cyclates can be transported and the
specifications of the recycled polymer
are akin to those of the virgin poly-
mer

Qutlook

The next stage of the scale up in-
volves a plan for a demonstration
plant having & capacity of 500 tannes
per year. Based on this, the first
industrial production plant will be
constructed. Companies in the elec-
trical and waste disposal industries
will then be able to meet the recy-
cling quotas stipulated in the current
EU directive on Waste Electric and
Electronic Equipment.

Contact person
Martin Schlummer

Phrone +48 (0) 61 61/4 81-7 50
martin.schlummer @i fraunhofer.de
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