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Best Practices for the recovery of plastic waste in Europe
-Facts, experience, recommendations and guidelines by Plastics Europe, 2006-

Aafko Schanssema

Plastic Europe, Germany

Executive summary

The European Plastics Manufacturers
have been actively involved in plastics
waste management since the early
nineties, in the beginning as PWMI, the
Plastics Waste Management Institute,
then as APME, the Association of Plastics
Manufacturers in Europe, and since 2
years as the pan-European network
organization PlasticsEurope. The
collected amount of knowledge via studies
and report since then is huge, as a
responsible industry PlasticsEurope
"~ would like to share as much as possible of
this knowledge.

Plastics are everywhere in our daily
life: whether it be for use as protective
packaging, as lightweight materials in
transportation, or insulation in houses —
life without plastics would be diffieult to
envisage. Despite plastics use is only 4
percent of the oil and gas consumption in
Europe. Although plastics consume
energy during their production phase, the
major savings can be achieved during its
use phase. A study has quantified the
effect if plastics would not exist.

The variety of plastic types with
different balances of properties means an
optimum balance of processing and
end-use performance can be achieved. On
the backside recycling becomes more
complex, especially when product streams

are inevitable mixed and contaminated.
This is the key reason why plastics waste
needs all the available recovery options:
re-use, mechanical recycling, feedstock
recycling and energy recovery. The least
preferred option is landfill. Landfilling
plastics waste is like putting back oil into
the ground.

Recycling is considered as the key route
to resource efficiency; true for many
materials, recycling of plastics however,
has a limited potential. The key reason is
that the availability of clean and
homogeneous waste streams is limited.
Eco-efficiency studies confirm that the
maximum environmental benefits are
achieved around 15-20 percent
mechanical recycling. With heating values
comparable to oil, plastics waste at its

End-of-Life phase is very attractive for

energy recovery. With at the same time a
relative good environmental performance,
this option has the potential to recover
the majority of the contaminated and
complex waste streams, however markets
for Solid Recovered Fuels need to be
developed. Increasing landfill gate fees
would be a first step.

Based on the facts and experiences
collected during the last 15 years a set of
guidelines is developed to develop a best
practice for plastics waste management.
These guidelines are primarily intended
for the new EU Member States, who until



now have hardly developed a proper waste
management infrastructure.

1. About PlasticsEurope

PlasticsEurope is the plastics
manufacturers association created in
2004 merging European (APME) and
national plastics industry bodies into one
single networked organisation. The
association has more than 60 member
companies, producing over 90% of
polymers in Europe. The plastics chain in
Europe - including converters and
machinery manufacturers - employs 1.5
million people. The combined turnover of
our industry is approximately 160 billion
euro per annum.

PlasticsEurope operates from six
decentralised offices: one in Brussels, the
capital of Europe and five regional centres
located in Paris (France), Frankfurt
(Germany), Milan (Italy), Madrid (Spain)
and London (United Kingdom).

The aims of the new Association are to
address the issues related to the
production and use of blastic products, to
improve the image of plastics and to
provide all relevant information in order
to shape the future legislative agenda.
The ultimate vision is to make plastics
the material of choice for the 21st century.

2. Plastics and Resource efficiency

Conventional plastics are long chain
molecules (polymers), mainly derived
from oil, which can be moulded into
shapes or films. They still account for
>99% of the total worldwide market,
despite strong growth of plastics which

are based on feedstock derived from
renewable raw materials. However
conventional plastics are expected to
remain predominant.

Plastics are everywhere in our daily
life: whether it be for generating energy
from renewable resources, enabling new
technologies, use as lightweight materials
in transportation, insulation in houses or
as protective packaging — life without
plastics would be difficult to envisage.
Examples of packaging are the beverage
bottle or the yoghurt cup. About 10% of
the weight of a car comes from plastics,
every five years the amount is increasing
with 1 percent. It is hardly to image that
the electric and electronic industry had to
develop products without plastics: they
are used as housing of TV’s and personal
computers, as well in mobile phones, even
the interiors of these devices contain
plastics like the printed circuit boards or
the insulation of the wiring. In
construction plastics can be used for
window frames and pipes; even roofs of
football stations are made from plastics.
The most important use of plastics in
construction is as insulation material.

Despite plastics use is only 4 percent of
the oil and gas consumption in Europe.
Adding the energy needed for plastics
production to the 4% used for feedstock,
means the plastics industry accounts for
around 7% of total oil and gas
consumption.

Energy has a major contribution to
environmental impacts and to economy.
Although plastics consume energy during
their production phase, major savings can
be achieved during its use phase, and at
its end-of-life additional savings are
possible via recycling or recovery. It is the



total life-cycle which make plastics so
resource efficient. A study conducted in
2005 by the Austrian “Gesellschaft fiir
umfassende Analysen GmbH” (GUA)
showed that if plastics would not exist,
1020 Million Giga Joules extra energy
would be needed. This is an amount of
energy equivalent to the primary fuel
input of 10 nuclear power plants of 1,000
MW each, or equivalent to the heating
and warm water supply of 40 million
people, which is about half of Germany.
Simultaneously 97 Million tonnes of CO2
equivalents would have been saved, or
about 30 percent of the Kyoto reduction
target for the EU15 in the period 1990 —
2012.

3. Recovery options for plastics

The variety of plastic types with
different balances of properties means an
optimum balance of processing and
end-use performance can be achieved. On
the backside recycling becomes more
complex, when product streams are
inevitably mixed and contaminated.

To recover plastics four options are
available: re-use, mechanical recycling,
feedstock recycling and energy recovery.
Taking into account the development of
new biodegradable polymers, composting
is a 5th option. Compared to other
materials plastics offer much more
flexibility in waste management. There
may by several reasons to recover
plastics: in some cases it is a business
opportunity, in other cases it is because of
the need to meet national recycling and
recovery targets; another incentive can be
to avoid littering, but the real reason is to
save materials and energy and

consequently contribute to resource
efficiency, decoupling and sustainable
development. The least preferred option is
landfill, this is like putting back oil into
the ground. Additionally it is wasting
materials and generates high Greenhouse
gas emissions. The key step to make is to
divert from landfill and extend recovery
whether it is mechanical or material
recycling, composting or energy recovery.

3.1. EU Legislation

The Waste Framework Directive (WFD)
is the overarching Directive and provides
the definitions and overall framework for
waste management operations. The other
legislation can be seen as measures
dealing with waste generation, i.e. the
End-of-Life Directives on Packaging
Waste (P&PW), Vehicles (ELV) and
Electric and Electronic Equipment
(WEEE); waste by destination, i.e. the
Landfill Directive (LF) and the Waste
Incineration Directive (WID) and finally
waste transportation, i.e. the
Transboundary Shipment Regulation
(TSR), which has integrated the UN/Basel
Convention and the OECD
Transboundary Shipment Decisions.

The LF, WID and the TSR are very
important in ensuring environmental
protection. The WID also covers
co-incineration of waste in thermal
installations and imposes strict emission
limits.

The End-of-Life Directives try to reduce
the generation of waste. The key features
of these Directives are: Producer
responsibility
This concept has been introduced in order



to internalize the costs of waste
management into the price of a product.
The producer, i.e. the entity that puts a
product on the market, is responsible for
the financing and organisation of the
waste management of its products when
in the End-of-life stage. The producer is
also responsible for meeting the targets
and transfer of information.

-Hierarchy

A five step hierarchy is used as
intended to set priorities for waste
management. The steps are:
Prevention — Re-use — Recycling —
Recovery — Disposal. This hierarchy
is intended as a guideline and not
mandatory. Deviations are allowed
in case conditions allow this, mostly
based on life-cycle assessments and
cost/benefit analysis.

-Recycling targets; these tend to go
upwards

-Material targets for packaging

In general material specific targets
are conflicting with the producers’
responsibility concept, although in
the P&PW directive they have been
successfully applied.

3.2. Mechanical and material recycling

Recycling is considered as the key route
to resource efficiency. This might be the
case for traditional materials like metals,
glass and paper, where recycling often is a
business case for access to low cost raw
materials. Successful recycling requires
markets which will reprocess the
recyclate, usually as a minor component
with virgin material.

For plastics mechanical recycling is the
preferred option when the waste stream is
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homogeneous and ‘clean’, when the
recyclate can replace virgin close to a 1:1
basis and - most important - when
markets exist. Too much focus on
recycling may lead to a waste of energy;
the energy needed to produce a virgin
plastic is about 80 MdJ/kg, recycling of
industrial film requires 27 — 35 MdJ/kg,
while recycling of domestic retail film
requires 109 — 147 MJ/kg.

The Dutch Consultancy firm TNO
developed for PlasticsEurope a hierarchy
for mechanical recycling:

Table 1

A different form of recycling is
‘feedstock recycling’. This is a process
leading to the conversion into a chemical
intermediate mostly in a large scale
industrial installation. Feedstock
recycling is a form of material recycling
which fits in the recycling box of the

waste hierarchy. There are different

chemical processes that are considered as
feedstock recycling, the most important

ones are:
-Blast furnaces and non-ferrous
smelters
These are operations in which

plastic waste is used as a carbon
donor serving both the reduction of
the metal ore replacing coke, and
providing energy due to the
exothermic reaction.

- Gasification to methanol

In this operation the plastic waste is
thermally cracked into synthesis
gas. Via a second catalytic step the
syngas is converted into methanol,
an industrial chemical. As
alternative the syngas can be used
for power and heat generation in a
CHP plant.



Big advantages of feedstock recycling
are that the operations are suitable for
mixed and laminated plastics and they
allow a certain level of contamination.
Although the opportunities for
non-ferrous smelters seem to be limited to
E&E waste, in theory the capacity of the
other options is enormous. The reality
shows that until now only a few feedstock
recycling plants are in operation. This is
mainly caused by the poor economics;
feedstock recycling is considered a niche
solution.

Mechanical and material recycling are
important routes to save material and
resource efficiency, unfortunately they are
unable to recover all the plastics waste.
Besides one could question if these
recovery options are in terms of
environmental benefits superior to other
recovery routes; this raises the following
question: what is better for the
environment, a car like a Leopard tank
with high recyclability or a Smart with
low recyclability?

3.3. Eco-efficiency

Eco-efficiency is a tool that allows us to
compare the environmental benefits and
the economic impact of different options
or scenario’s. The different environmental
impact categories are aggregated into one
indicator, which allows an easy 2
dimensional comparison of environment
and economy of selected scenarios. The
most eco-efficient option is the one with
lowest environmental impact and lowest
costs at the same time.

In 2001 the Dutch consulting firm TNO
compared for packaging waste the
eco-efficiency of landfill versus increasing
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recycling levels combined with energy
recovery from Municipal Solid Waste
Incinerators (MSWI). Six scenarios were
investigated:

1. 100% landfill

2. Current situation:

3. 70% landfill, 12% mechanical
recycling, 2% feedstock recycling
and 15% energy recovery by
MSWI

4. 15% recycling/85%energy

recovery by MSWI

25%/75%

35%/65%

50%/50%

O O

The single most important factor to
improve the environmental performance
is achieved by diverting from landfill. The
maximum environmental gain is already
achieved at 15% mechanical recycling.
Increasing mechanical recycling from 15%
--> 50% has no significant environmental
benefit, but will increase costs by factor 3.

In a different study conducted by the
Austrian consulting firm GUA
(Gesellschaft fiir umfassende Analysen
GmbH) for Corepla in 2002 showed that
achieving higher recycling rates for
plastics packaging with corresponding
lower recycling rates for other materials
with the am to keep the environmental
benefits unchanged, would also be
expensive, and cost additionally € 3,200
million/year.

The German consulting firm
Oko-Institut investigated in 2003 the
recovery options for plastic parts from
End-of-Life vehicles. For the dismantling
of used cars one has two fundamental
options: 1/ dismantling of parts, 2/
recovery of the metals and shredding of
all non-metals. A bumper, an air intake
manifold, a wash-liquid tank, an air duct,



a seat-cushion, a headlamp-lens and a
mirror housing were assessed. As
recovery options landfill, MSWI,
co-combustion in cement production, blast
furnace, syngas production and
mechanical recycling were considered.
Only in case of the bumper mechanical
recycling was the preferred option.
However in case the substitution factor
would decrease to 0.95 then even
mechanical recycling is no longer
significant better than the other recovery
options.

The eco-efficiency studies show that
mechanical recycling is important,
however not the solution to the highest
gain in environmental benefits at the
lowest costs. The contribution of
mechanical recycling is limited to ‘clean’
and homogeneous streams and will
contribute to about 15 — 25 percent of the
recovery quota, the other recovery options
are needed to achieve high recovery quota
and to make diversion from landfill a
success.

3.4. Energy recovery

With respect to recovering energy from
plastics, their heating values are very
attractive. They are as high as the
heating value of oil, higher than the
heating value of coal and much higher
that the heating value of biomass. The big
advantage of using plastic waste as a
substitute for fuels is that it saves
primary fuels and greenhouse gas
emissions and contributes to the security
of supply. In some countries energy from
waste is considered equivalent to forms of
renewable energy.

There are different routes to recover the
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energy from waste:

Municipal solid waste incineration

This is the most robust technology for
the recovery of municipal waste. The
energy efficiency is relative low, but this
is caused by technological and
thermodynamic constraints. The total
capacity in Europe is about 50 million
tonnes, which allows a capacity for
plastics of about 5 million tonnes. The
growth rate is too low to absorb all
calorie-rich waste that is now sent to
landfills.

Co-combustion of Solid Recovered Fuel
(SRF)

Until now the most important user of
SRF is the cement industry. Other
industries that can also use these SRF’s
are coal fired power plants, solid fuel
boiler in the pulp and paper industry. In
theory SRF has a high potential.

As a rule of thumb one can say that the
technology for SRF is proven, however the
market needs to be developed.

With the European Commission
promoting energy efficiency in its Green
Paper “Doing more with less” published in
June 2005, it is expected that the SRF
route will gain increasing acceptance,
especially now the standards developed by
the European Standardization body
CEN/Technical Committee 343. These
standards define the specification of four
different types of SRF.

In general landfill is the cheapest waste
management operation. Mechanical
recycling can be economical for clean and
homogeneous streams, however for
complex, mixed plastic waste streams this
route is the most expensive one. Energy
recovery, whether it be MSWI or
co-combustion using SRF, is more



expensive than landfill, however much
cheaper than the recycling of complex,
mixed plastic waste. With at the same
time a relative good environmental
performance, this shows the high
potential of energy recovery. Due to the
fact that waste management always
follows the cheapest solution, supporting
legislation like the landfill ban in
Germany, as well in Austria and The
Netherlands is needed and when in place
it is likely to boost energy recovery via the
SRF route.

At a later stage gasification
technologies — together with biomass — as
clean fuel input to conventional power
stations, will also gain importance.

4. Promoting recovery/best practices

Before coming to some general
recommendations for good practices in
plastic waste management, it is important
to understand the origin of the waste
streams. The largest amount of plastic
waste comes from households with 66
percent, followed by the distribution
sector with 20 percent. The reason is that
packaging dominates in these sectors.
Complex products like automotive and
E&E account for only 9 percent, while
building & construction generate about 3
percent. Finally agriculture films are
responsible for 2 percent of the plastic
waste.

About 15 years of practice in plastics
waste management in Europe has learnt
that the most efficient way to promote
recovery is by making landfill expensive.
The landfill levy can be used to stimulate
developments in waste recovery. At the
same time diverting from landfill gives
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the highest environmental gain.

The key guidelines to follow are:

Learn from others regions’ experience,
but take account of the own local
conditions and infrastructure.

Engage with all relevant stakeholders.

Aim for an integrated system of
recovery options: mechanical and
feedstock recycling, composting,
incineration and co-combustion.

Create a region sufficiently large to
combine treatment and sorting centers
with an appropriately sized Municipal
Solid Waste plant.

Employ combined heat and power
(CHP) wherever possible

Actively promote the use of Solid
Recovered Fuel (SRF) enhancing security
of supply, combine with energy from
biomass wherever possible.

Focus mechanical recycling on plastics
packaging films and on beverage bottles
from household waste.

The driving force for the recovery of
complex products from cars and E&E is
the recovery of metals, shredder operators
determine if plastic parts are taken out
before shredding.

Shredder light fraction can be best used
for as Solid Recovered Fuel.

Plan on the basis of proven technology.

Plan that the amount of waste will
increase.

Engage with all relevant stakeholders.

The strong European Union legislative
focus on mechanical recycling targets
should be adapted where necessary to be
consistent with the efficient use of
resources and energy across all phases of
the life-cycle. Increasing diversion from
landfill for recovery will contribute to
savings of energy resources in addition to



the savings made in the use phase of
plastic products.

5. Sources of information

Independent peer reviewed studies and
other technical documents related to the
environmental impacts of plastics can be
retrieved from the website of
PlasticsEurope: www.plasticseurope.org,
as well from the German technology
development firm Tecpol: www.tecpol.de

Other useful sources can be found on
the websites of:

Table 1 hierarchy for mechanical recycling

The European Plastics Converters,
Www.eupc.org

The European Plastics Recyclers,
WWW.eupr.org

The Association for the Sustainable use
and Recovery of Resources,
WWWw.assurre.org

The Association of Cities & Regions for
Recycling, www.acrr.org

Handbook for municipal waste
prognosis and sustainability assessment
of waste management systems,
www.lca-iwm.net

Profitable / positive eco—profile

Crates

Commercial and distribution films

Some support needed from a party
/ neutral or (slightly) positive eco—
profile

PET bottles

PVC window profiles
PVC pipes
Automotive bumbers
EPS packaging

Agricultural films

or whatever system
/ negative to neutral eco—profile

Significant support through “green dot”

HDPE bottles
PS coffee cups
Mixed plastics

Automotive shredder residue
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Textile waste — recycling processes and possibilities of recycling

Renate Lutzkendorf

Theuringisches Inst. Textil-und Kunststoff-Forschung, Rudolstadt,
Germany

1: Introduction

Dear Prof. Okuwaki,
dear scientists,
dear participants of this conference!

First of all I would like to say, that it is
a pleasure for me to give a lecture on your
conference and it is an honour for us to
present our research results in Japan.

I have prepared a presentation for you
what contains some information about the
textile recycling in Germany and I will
offer you new possibilities for the
application of recycling fibers.

On the beginning I would like to
introduce you our team: scientists from
TITK, Uni Kassl and Timtex.

2: TITK

TITK is an abreviation for
Thiiringisches Institut fir Textil- und
Kunststoff-Forschung. It is based in
Rudolstadt near Weimar. It was founded
in 1954 as a textile institute. Today 110
employees work in TITK and in a
subsidiary for material testing work 20
people. Our main-customers are from
small- and medium-sized enterprises.
TITK is divided into four departments:

The first department is Chemical
Research for forming and modification of
cellulose to fibers, filaments and films.

The group of scientists in our Plastics
Research develops fibers for textile and
technical application and fiber reinforced
plastics.

The third department is Plastics
Research for flame retardant
thermoplastic compounds and
nanocomposites.

In our department, Functional Polymer
Systems and Physical Research, we have
two main fields: modification and
characterization of synthetic polymers,
and polymer based microelectronics.

In addition, Materials Testing OMPG is
our subsidiary.

3: TITK The department “Textile- and
Materials Research”

Now some details from our department:

I have said that “fiber reinforced
composites” is a main field. We work with
fiber-reinforced composites such as glass,
carbon and aramid fibers. Our developing
results belong to technology for
manufacturing of long fiber granulate and
optimisation of fiber composites for
several application. Another important
field for our customers and us is fibers for
textile and industrial applications. It is
necessary to test the suitability of fibers
for processes, products and modification
of the properties. An interested field is
also textile processing and textlile



composites. In that case it means aramid
and carbon fibers are recycled and
reutilised.

4: Kassel

Our partner institute from the
University of Kassel is Institut fur
Werkstofftechnik, Kunststoff und
Recyclingtechnik. The institute is well
known for the research on following fields:

- Interface effects, especially the
identification
- Modelling of the properties

This is connected with two fields;
Natural and Wood fiber.

Microcellular foam is another topic.
Important here is the optimization of
material properties and the survay of
surface quality.

Polymer Recycling Projects contain of
Odour measurement and quality
management.

Then what are important for all the
development projects are testing dynamic
material behaviour, long-term and impact
behaviour, and medium influences.

5: Timtex

Timtex is an engeneering company for
textile recycling machines. You can get
some leaflets after the lecture.

6: Agenda

I have prepared an agenda with five
points:

Textile waste in Germany
Actual utilization
Problems of the use of recycling fibers
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New solution approaches
Summary

7: Textile Industry in Germany

At first some figures from the textile
market in Germany. In 2004 the total
consumption of fibers amounted 800,000t.
They are from 676,000t man-made fibers.
This is 85%. The rest are cotton and wool.

In the whole textile chain results in
10% waste. That is 80,000t production
waste. (Table 1)

8: PET Bottle Recycling

Man-made fibers belong to also
PET-fibers from Bottle Recycling. The
collection of PET-Bottles shows increasing
amounts — in Europ and also in Germany.
In the next graph you see that the most
bottle recycling material is used for fiber
production — nearly 70 or 60 % - almost
500,000t in Europe. (Fig.1, Fig.2)

9: Sources of Textile Waste/ Production
Waste

Now I come to the possibilities of
recovering textile waste.
I remind you that there is 80,000 t
textile waste per year in Germany.

10: Production Waste

However a lot of textile waste, such as
non-woven edge strips or cotton comber
waste, is imported from abroad.

The possibilities of commercialisation
are:

-Direct sales
-Preparation for the industry
-New products



-Energetic use

11: Sources of Textile Waste/ Post
Consumer Textiles

Post consumer textiles from clothing,
home and house hold or technical textiles
were assorted and recycled. Otherwise
they were delivered directly to the users.
Furthermore textiles from cars,
furnishing and E-devices were included.
Therefore we have got 38,670 t
recyclingfibers in the year.

12: Post Consumer Textiles

The total amount of post consumer
textiles is 866,000 t in the year: it is
national production and imports.

33% is garbage and 67% were collected
and listed.

22% were exported to Eastern Europe
and 45% were assorted into:

Wearable clothing

Cleaning cloths

Recovered fibers

Paper and cardboard

Garbage

13: Features of Textile Waste

What are the features of the two kinds
of textile waste?

Production waste has got many
advantages like;

Cleanness

Known composition

Unused fibers

Defined and planable quantities
Defined making-up

However there is only one big
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disadvantage that is “Decreasing
quantities”.

Although post consumer textiles show
increasing amounts, there are many
problems:

Frequent fiber blends

Material combinations

Property losses by ageing

Impurities

Non-textile components (coatings,
leather, metals, plastics)

Different colors

14: Reutilization Pathes

This is a short picture, which shows the
reutilization lines:

At first textile waste from the industry
and the consumer is collected into the
recycling companies. Then it is sorted into
category of the following:

Type of fiber or blend
Product group
(jeans, shirts, suits, trousers)

Wear level
Color

After that you have these three lines:
- Secondary use
- Recycling

- Energy generation

15: Recycling

Our topic today is only “recycling”.
There are two possibilities in recycling:

Recycling as a material
Recycling as a raw material



Recycling as a raw material means
Chemical recycling in order to obtain raw
materials for new synthesis. It is not the
item of this lecture.

There are two types in recycling as a
material; mechanical recycling and
thermal recycling.

Through the thermal recycling,
polyamide, polyether sulfone, and
polypropylene can be regranulated. Then
thermal binder fibers or
thermoplastmatrix in composites can be
produced.

Through the mechanical recycling,
industrial cleaning clothes or fibers are
available for new textiles or moldings
after cutting or tearing them.
Furthermore, the way of shredding can
produce fillers, including insulation and
moldings.

16: Tearing of Fabrics

A lot of different equipment for the
tearing of fabrics is available worldwide.
The producing technology of recovered
fibers contains of preparation, tearing,
and disintegration residues. The
For
example there are such problems as you

technology is not unproblematic.

need complex machinery and high amount
of energy, fiber lingths are not enough,
and it is inapplicable for carbon-waste.

17: Web Shredding for High Strength
Fabrics

About two years ago TITK and Uni
Kassel concluded a research project for
developping a new recycling technology,
especially for high-strength fabrics from
aramid.

As a result there are three technological
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steps:

- Cutting
-Unravelling of the fabric weave with a
modified mill

- Disintegration with conventional openers

New technology is showed in the use of
a mill. What you get are high quality
recycling fibers with a high use value.
This technology can be used with good
results, for example, not only for aramid,
but also for carbon fibers

18: Advantages of the Web-Shredding

There is a benchmark between
“Web-shredding” (it is the name of the
new technology) and Tearing. We
compared “Web-shredding” with “Tearing”
from the two aspects of the fiber quality
(impurities, residual fabrics, knopping,
fiber damage, and fiber length) and the
type of waste (conventional fabrics,
carbon, and high-strength fabrics such as
ballistics, belts, and airbags).

(Table 2)

19: Properties of the Recycling Fibers

The next important point is fiber
properties. There are two examples:
p-Aramid and Carbon. After the milling
process you get the following result:
(Table 3)

What is mainly cost-shared is the waste
cost — not the costs for recycling!

20: Producers of the machinery

The equipment for such a recycling
process is available. The company
Pallmann in Zweibriicken provides
modified mills and Timtex offers the



whole facility for a recycling line —
including a modified mill.

21: Pull Drill Process of the Fiber Granules

Fiber recycling is one thing — another
thing is always, what can I do with such a
fiber. High strength recycling fibers like
aramide and carbon are very interesting
for the plastic industry, if the properties
and the price are acceptable. Another
question is the kind of preparation for thr
plastic industry.

TITK has developed a new technology
for producing fiber granules. The name is
Pull-drill-process. Reinforcing recycling
fibers were mixed, and then the fiber
blend was to be formed to a sliver in a
textile part with a feeder and a card. After
that the sliver is running through a nozzle
with a heating zone, a cooling zone and a
cutting machine.

The two pictures showes such granules
with 30 % aramid- and carbon-fibers.
(Fig.3)

22: Fiber Granules for the Injection Molding

The fiber granules are appropriate for
injection moulding technologies. This is
an example for composites with 30%
reinforcing recycling fibers and 70% PA 6.
The most important mechanical
properties are listed there. (Table 4)

Our opinion is, that the properties show
a high potential for injection moulded
heavy-duty bulk product.

23: Governmental Financial Support

Before I come to the end of my lecture,
please let me tell you something about the
governmetal support for recycling
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processes in Germany.

At first, naturally, there is a
fundametal interest of textile companies
on the recovery of production waste.

The reason is a financial one.

The second point is governmental
financial support for recovery or
avoidance of textile waste.

There are several opportunities;

Financial Aid Programs in the EU (7th
Research Framework Program)

Financial Aid Programs in Germany

Financial Aid Programs in the Federal
States

At the financial Aid programs in
Germany you can choose;

Federal German Ministries

Deutsche Bundesstifung Umwelt
(an environmental Foundation)

Agency of Renewable Resources

German Federation of Industrial
Research Associations

24: Summary

Textile production waste and
post-consumer Textiles are important
high-quality resource bases. Secondary
fibers extracted from technical
high-performance fabrics are interesting,
due to cost effective reasons.

The current technology of tearing
results in :

Short fiber length

Limited technical properties

Limited possibilities for reutilization

The Web-Shredding-Process is a new
alternative for recovering high-quality
recycling fibers. The developed equipﬁent
is available.



Table 1. Consumption of raw materials of the German textile industry 2004

. . Home/household Industrial
Fiber type Clothing el e Facdtind total
Shares in % % in 1000t

Man—madefibers 62 84 99 85 676

Cotton 19 12 1 9 74

Wool 19 4 0 6 50

Consumption of raw materials

total in 1000t 208 257 335 100 800

For ca. 10% waste in the whole textile processing chain: 80.000 t production waste

Deutschland

in tsd, Tonnen
800

700 -

500

500 A

400

300

200

100 A

2001 2002 2002 20 2008

Fig.1 The collection of PET-Bottles

In Prozent
100 4

Fasern Folien/Platten Flaschen Binder Sonstige

Fig.2 Recycling products from PET-Bottles in Europe
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Table 2.

Advantages of the Web—Shredding vs. Tearing

Web—shrec-iding

Tearer

Fiber quality

Impurities no metal particles
Residual fabrics no exist
Knopping no high
Fiber damage low high

Fiber length [mm]

More as double as long after tearing

Type of waste

Conventional fabrics

possible

possible

High—strength fabrics
ballistics, belts, airbags

well adapted

restricted

Carbon

well adapted

does not work

Table 3. Properties of the Recycling Fibers

p—Aramide Carbon
Fiber length [mm] 50-60 25-40
Tensile strength [N/mm’] 3024 4050
E-Modulus (0.5-1%) [kN/mm?] 51.4 158
Losses compared to the
parameters of primary fibers <10% <10%
COStt;e::;;g:; fc_:s;zared at least 25% at least 50%
%Main cost share = waste costs
AR (o3 PA PP

Nozzle with
Cooling zone heating zone

Pull-off +
Granulation

Feeder

| Fig.3 ull~Drill-Process for Fiber Granules

Table 4. Composite properties (30%fiber/70%PA6)

AR/PA C/PA
Tensile strength [MPa] 116 240
Tension—E—Modulus [MPa] 7300 23.600
Bending strength [MPa] 160 350
Bending modulus [MPa] 6100 17.800
Impact strength [kd/m?’] 44 76
Notch impact strength [kJ/m’] 12 12
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