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Welcome to the K-2007 issue of
Engineering Design. The K show
(K stands for Kunststoffe — the
German for plastics) is widely con-
sidered to be the world’s number
one international trade fair for
plastics and rubber, with over
2,900 exhibitors and 230,000
visitors expected to attend in
Diisseldorf, from October 24-31,
2007. At the show, and in these
pages, we will be focussing on
our vision for 2010 — that of
"Giving Shape to Smarter
Ideas". In other words, how our
materials and global expertise
can combine to promote innov-
ation and help customers get to
market faster, with better prod-
ucts, more cost effectively.

While customers benefit through
significantly reduced costs, con-
sumers benefit through improved
design features. There are a
number of trends driving innov-
ative, new ideas that turn into
successful new materials, and
new development opportuni-
ties for our customers.

A sustainable agenda

Consumers in many markets
are showing their support for
sustainable products at the

checkout. At the same time
dozens of retailers — increasing
every day — are differentiating
themselves beyond price and
convenience with sustainable
products and practices. While
young, the leading indicators
say sustainability is a means of
differentiating. At DuPont, we
believe what’s good for busi-
ness must also be good for the
environment and for people every-
where in the world. Hence, we
recently announced our intent to
expand business offerings ad-
dressing safety, environment,
energy and climate challenges
in the global marketplace. This
will be achieved through a
series of programs.

Renewably-sourced materials
In our business, we have focused
on the need to develop polymers
from renewable resources. In the
biorefinery model, Bio-PDO™
(propanediol, an intermediate for
DuPont™ Sorona®) is derived from
corn sugar using a patented and
proprietary fermentation process.
Produced in such a way, Bio-PDO™
takes 40% less energy than its
petrochemical-based counterpart
saving the equivalent of 13.5
million gallons (over 51 million

liters) of gasoline for 100 million
pounds (over 45,000 metric tons)
per year of production. The
processing facility we constructed
with Tate & Lyle to make Bio-PDO™
is already operational and had its
grand opening ceremony in June.
Bio is thus a reality!

Fuel economy, reduced
automotive emissions,
lightweighting

While there is some debate on
the number, vehicle use emis-
sions are often blamed for up to
75% of CO2z releases globally.
At DuPont there are dozens of
programs in place to greatly
reduce CO2 emissions — includ-
ing developing advanced bio-
fuels. In terms of engineering
polymers, we are working in fo-
cused areas to improve barrier
technology that significantly
reduces permeation and on
material enhancements that meet
the challenges of aggressive
alternative fuels. Reducing weight
improves gas mileage, which also
reduces emissions — 25 kilograms
(55 pounds) means a one percent
increase in fuel economy — critical
to automotive engineers challen-
ged to provide additional content
without adding to vehicle weight.



Weight reduction is obviously great
news for plastics; and we actively
work with our automotive custo-
mers to reduce weight and im-
prove performance. On page 4 of
this issue, Nandan Rao, Technol-
ogy Director for DuPont Perform-
ance Materials, covers nano-
composites and how they are
poised to offer a step change in
structural performance to replace
heavy, structural metal compo-

nents and systems.
Automotive safety - pedestrian
safety requirements

Delivering safety-systems solu-
tions in the automotive industry
requires precision engineering —
reliability is paramount — and this

demanding environment has long
been an area of expertise for
DuPont. Our material solutions in
this area already range from
developing DuPont™ Butacite® for
laminated automotive wind-
shields and DuPont™ SentryGlas®
for sunroofs and side windows,
to optimizing the flexibility cha-
racteristics of DuPont™ Hytrel®
thermoplastic polyester for air-
bag doors, and tapping the me-
chanical reliability of DuPont™
Delrin® acetal for automotive
safety belts. What you will read
about later in this issue is how
new developments in polymers
can help our customers improve
pedestrian safety.

The dawn of industrial biotechnology: the DuPont Tate & Lyle Bio Products Bio-PDO™

facility in Loudon, Tennessee.

DuPont is focussing on the need to
develop polymers from renewable
resources: Bio-PDO" is derived from
corn sugar using a patented and
proprietary fermentation process.

Improved product performance
Improving product performance is
critical for many of our customers
fighting to stand out in a crowded
marketplace. This trend exhibits it-
self in automotive through ex-
tended warranties, improved
customer satisfaction ratings. In
the consumer products markets it
reveals itself by differentiating
higher-end items. In industrial
products, we see this trend
emerge as the desire for equip-
ment that doesn’t require con-
tinual maintenance and inspec-
tion. Since 2004 we’ve launched
more than 115 new products to
improve overall product perform-
ance, some of which are reflected
inthisissue.

Human connectivity

Some studies show that consu-
mers in developed countries have
reached saturation point in terms
of accessability products, but
people in emerging countries are
driving demand for devices that
continue to flatten and connect
our world. That translates into
billions of mobile phones, laptops,
handhelds — and it translates into
billions of connectors, housings,
displays, etc.

While we provide material solu-
tions for cell phones, laptops and
handhelds, the trends to make
them smaller, lighter, more aes-
thetically pleasing and recyclable
will drive the need for higher
temperature materials, halogen
free materials and multi-func-
tional materials — those that pro-
vide strength and beauty.

These are just some of the market
trends, where high-performance
materials, experienced design
and development experts
linked globally can "Give Shape
to Smarter Ideas" — today and
into the years to come.

New technologies for
metal replacement:
Polymers with tempe-
rature resistance, struc-
tural capabilities and
thermal conductivity.

Turning automotive
visions into reality:
How DuPont Engineer-
ing Polymers’ palette
of products is helping
the automotive indus-
try to attain the objec-
tives of today and
tomorrow.

A material with vision:
Valeo uses DuPont™
Zytel® HTN PPA for the
housing of its Xenon
Dynamic Bending Light,
which optimizes illumi-
nation of road curves.

Large truck air duct
blow-molded in
DuPont™ Zytel® nylon:
A duct from Tl Automo-
tive, one of the largest
blow-molded parts that
DuPontis aware of is
used on the 12-liter
engines of Volvo trucks.

A new global center of
excellence for extru-
sion: A new multilayer
and corrugation extru-
sion line is opened at
the European Technical
Center in Geneva.

""Polymers create
space for reinvention"":
ED speaks with Mario
Di Filippo, principal of
Stylus Design in Italy,
about the potential
polymers can offer in
product design.

Safe and energy-effi-
cient cooking: In the first
development of its kind,
Hitachi Appliances Inc.
in Japan uses DuPont™
Zytel’ HTN semi-aromatic
polyamide to cover the
heating coils of its new
induction heat cooking
range.



In order to deliver innovative solutions for its customers well into the future, DuPont is working on several
exciting, new technology platforms. One important area of focus is the drive for metal replacement in
response to escalating natural gas and energy costs. This trend relates not just to the automotive market,
where improved fuel economy and weight reduction are key drivers — lighter weight, higher performance
materials are desired in many high performance markets including electronics. DuPont technology
solutions in development include polymers with high temperature resistance, superstructural capabilities

and thermal conductivity.

By Nandan Rao, Technology Director for DuPont Performance Materials

Superstructural resins

DuPont, and others, are working
to push the properties of polymer
composites further in the direction
of metals. The company’s most
recent steps involve a super-
structural family using a combi-
nation of high-performance poly-
amides and glass or carbon-fiber
reinforcement to provide levels
of stiffness and strength not
achieved before.

High strength structural mate-
rials have been made possible
with elevated concentrations of
standard short-glass-fibers that
required innovations in com-
pounding technologies. High
loadings of short-glass in a high
modulus matrix such as DuPont™
Zytel® HTN gives outstanding
performance. Such composites
are used in applications where
performance at high tempera-

tures and high dimensional
stability are critical, such as in
tool housings, motor coil bob-
bins, etcetera. Thermoplastics
reinforced with long-glass-fibers
move them further up the me-
tals replacement curve for appli-
cations where light weight and
high strength are critical.

DuPont works with customers to
evaluate their needs for polymer

composites with structural
properties closer to metal, while
retaining the design flexibility
and economic advantages of
thermoplastics. In making pro-
gress towards the properties of
metal, DuPont is concentrating
its efforts on changing the poly-
mer matrix to high performance
polyamides, which yield a step
change in both thermal stability
and strength. Further improve-



ments will come from metal/
plastic hybrids, fabric-reinforced
thermoplastic composites and
long carbon fiber reinforcement.
There is considerable R&D under-
way in the latter fields, with the
promise of new product and pro-
cess innovations over the next
three years suitable for metal
replacement in structural parts
such as car seats and reinforcing
beams. Such innovations will
result in significant weight reduc-
tion opportunities.

Progress in thermoplastic
nanocomposites

Since its announcement during
2006, DuPont’s proprietary
nanocomposite technology has
made significant progress, as
the company increases its under-
standing of the properties attain-
able as it reduces the particle
size of reinforcing materials to
increase the interfacial area by
an order of magnitude. Signifi-
cant improvements in crystalli-
zation, rheological, mechanical
and permeability properties can
be achieved for improved pro-
cessing, better structural per-
formance, higher heat deflection
temperatures, better electrical

A TEM microscopy of PET with 3 wt%
nanomaterial shows the well-defined
nano-fiber morphology of the DuPont
nanomaterial in the PET.

Evolution of Thermoplastics Performance
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As thermoplastics make progress toward the properties of metal, DuPont efforts have been aimed at improving performance in both
tensile modulus and impact strength, resulting in significant weight reduction opportunities.

insulation and improved barrier
to gas permeation. DuPont re-
search is focused on a range of
polymer matrices including
polyester and polyamides.

Nano-reinforced PET provides a
significantly higher glass tran-
sition temperature of over 8o °C
(176 °F) as compared to standard
PBT and PET (at around 50 °C or
176 °F). The implication of this is
that one can reduce the amount
of glass reinforcement that is
needed, while also obtaining
improved surface properties.
Nanocomposites provide a
means of achieving equivalent
properties at lower glass
loadings which opens the

way for reducing the weight

of parts with comparable
properties while providing

other attributes, such as
improvements in surface

appearance.
Thermal conductivity
in plastics

Plastics are of course insulators
of heat. The trend towards
devices operating at higher volt-
ages and the miniaturization of
components require more
efficient heat removal than
plastics have been capable of in

the past, if they are to replace
metals.

An example is that conventional
automotive headlamps are
moving to LED arrays to reduce
energy demand. This design
change will require improved
heat removal. The challenges
occur when balancing improved
thermal conductivity with the
need to retain moldability and
low cost.

In the last three years, within
and outside DuPont, thermal con-
ductivity of thermoplastics has
improved from 3 W/mK (watts
per meter per degrees Kelvin) to
approaching 50 W/mK. This
was achieved via specific mixing
of high filler content, addition of
molding aid agents and use of
carbon fiber with other fillers.
These formulations provide high
stiffness at an acceptable cost
level, but have poor moldability.
Hence, current R&D is focused
on improving moldability and
balancing the trade-off versus
electrical properties.

High performance in electrical
insulation has been achieved by
adding boron-nitride (BN)
coated graphite, copper (Cu)

particles coated with glass and
BN powder and coupling agents.
On the plus side these tech-
nologies achieve electrical in-
sulation with high thermal conduc-
tivity. However, they are expensive
technologies to employ to attain
such performance, and again
moldability is impaired.

An alternative route to elec-
trically insulative performance is
the use of filler concentrations in
block copolymer or ceramic par-
ticle technologies. While both
electrical insulation and thermal
conductivity are achieved, the
overall level of thermal con-
ductivity is not sufficient to meet
emerging needs. Hence the
overall conclusion remains, that,
in terms of thermal conductivity,
the challenge of obtaining all the
desired properties in a single
approach is still to be mastered.



Zytel® HTN PPAis used for the air-intake manifolds of the V-8 turbo-diesel engine in the Audi A8 due to its ability to withstand extremely high operating temperatures of up to 250°C.

The overall drivers for development in the automotive industry have changed little in the last decade.
Cars should be made safer and more comfortable, and they should get lighter, or at least not heavier,
and their environmental impact should be reduced. The real changes are to be found in the detail.
DuPont Engineering Polymers with its strongly application-oriented palette of products is helping the
industry to attain across-the-board objectives as well as highly specific ones.

By Patrick Ferronato, Global Automotive Marketing Director, and Klaus Bender, Market Development Manager, Automotive Industry,

DuPont Engineering Polymers

Minimised emissions from
engines...

The automotive industry is ad-
vancing towards the ideal ‘zero
emissions’ car. The rate of progress
is determined partly by its own
environmental awareness, partly
by ever-stricter global mandatory
requirements, and partly by custo-
mer expectations. The EURO 5
exhaust-gas standards will come
into force in 2008/09, sub-
stantially reducing the already

low limits for NOx, patrticles, CO
and hydrocarbons still further.
Improvements in mixture prepara-
tion and combustion through
better design have made great
progress, but seem to have
reached a certain saturation
point. More radical steps, such
as hybrid drives, the use of bio-
fuels or the selective post-
treatment of exhaust gases are
assuming greater importance.
There is a trend to substantially
smaller cubic-capacity motors,

which have lower fuel consump-
tion but need to be supercharged
to achieve the required per-
formance.

All these steps mean more
severe demands on the plastic
materials used. Alternative fuels,
concentrated blow-by gases in
mechanical separators, as well
as the ammonia solution used
for treating exhaust gases, have
a highly aggressive effect on
seals and molded parts.

The extremely limited space
under the bonnet and the use of
exhaust gas recirculation systems,
turbo- and mechanical charging
systems and self-cleaning particle
filters increase the operating
temperatures around the motor
to levels where conventional
engineering polymers often fail.



An extruded profile of Hytrel®
with an integrated impact sensor extending

overthe whole width of the bumper is one pedestrian
safety system currently being explored by DuPont.

DuPont™ Zytel® HTN polyphtha-
lamide (PPA) meets the majority
of these challenges. This poly-
mer, which has a continuous
operating temperature of up to
220 °C (428 °F), bridges the gap
between the high thermal and
chemical resistance of conven-
tional high-performance plastics
such as polyether sulphone
(PES) or polysulphone (PSU) and
the more economical nylon 6 and
66 types. Zytel® HTN types
optimised for specific applica-
tions as well as new extrudable
66 nylon types with improved
thermal resistance are in develop-
ment. They will allow air-conduit
parts exposed to high tempera-
tures to be produced by blow-
molding; they may even be
candidates for metal and rubber
replacement in the hot regions
between the supercharger and
the super-charged-air cooler.

«.. from fuel systems....
The alcohols, ethers or methyl-

ester-based components of bio-
fuels (bio-diesel and ethanol)
attack sealing materials and
plastics parts, leading to their
degradation and ultimately to
their failure. DuPont has de-
veloped Delrin® 560HD, a special
acetal for such applications. It
can also be used in contact with
hot diesel fuel and has been
successfully incorporated in fuel
supply units.

DuPont has tackled the chal-
lenges in sealing applications
with new Viton® fluoroelasto-
mers, which withstand aggressive
media and respect or even ex-
ceed mandatory volatile emission
limits.

These di- and terpolymers with
significantly improved processing
characteristics are designed for
highly economical production of
sealing elements.

Recently developed types such
as Viton® GBLT-S combine very
good resistance to fuels and
liguid media with low perme-
ability and excellent low-tempe-
rature characteristics and very
good processability. Viton® GF-S
combines high chemical resis-
tance with low compression set
and should be considered for
use as high-performance fuel
hose lining.

... and from interiors

When the smell of newness has
gone from a car’s interior,
passenger compartment materials
must not generate other
unpleasant smells.

Conventional acetals (POM) may
in certain unfavorable circum-
stances become disagreeably
noticeable by releasing formal-
dehyde. DuPont™ Delrin® 100PE,
300PE and 500PE are new POM
types in which such emissions
have been reduced substantially
(by about 90 %). Typical appli-
cations for this new generation of
POM types are gears for drives
and actuators, window-lift sys-
tems, door-lock housings, safety-
belt guides and pre-load devices,
as well as knobs and push-
buttons.

Weight-saving

The number of components in a
car which serve to reduce
environmental impact and
improve safety and comfort
continues to grow. But the space
to hold them is not increasing,
and adding weight is not an
option. Hence designers and
engineers are compelled to
integrate more functionalities
into individual components
and/or reduce their size and
weight without compromising
reliability. While maximising
functionalities is a speciality of
thermoplastics, weight reduction
calls either for plastics with
substantially improved mechani-
cal properties, or for hybrid
construction methods combining
thermoplastics and metals into a
single unity which can then be
used for structural parts.

DuPont’s ‘superstructural’ resins
offer a possible way to reduce
wall thickness while maintaining
load-carrying capacity. With
these resins, the combination of
PA and PPA types with good flow
characteristics and 40 % or 60 %
long-glass-fibers (LGF) reinforce-
ment (about 12 mm or 0.47
inches) result in especially high
stiffness and strength combined
with good impact resistance.



Engine Systems

Fuel Delivery

Driveline Systems

For structural parts, high-per-
formance Zytel® HTN51LGso0
based on PPA and Zytel® 75LG50
HSL based on PA-66 should be
considered.

Where short fibers do not
provide sufficient stability, for
example in back-rests, a combi-
nation with carefully placed
continuous filaments can provide
a solution. In this area, as with
thermoplastic/metal hybrids,
DuPont is developing new ma-
terials and the appropriate
technologies. Apart from seating,
applications in the steering
column, suspension and struc-
tural parts in the motor are
mooted.

Transmission Systems

More protection,

enhanced safety

Greater safety for pedestrians is
a theme of current importance.
Apart from changes such as a
steeper angle for the bonnet,
new design concepts employing
soft plastics can open new
perspectives.

There are many possible starting
points, from front bumper and
radiator grille, headlights, mud-
guards and bonnet, and the
beauty cover immediately under
the bonnet. New design ideas
are under discussion for bum-
pers, to replace polypropylene
foam, which is generally used
today, with a product that stays
flexible even under freezing
conditions. DuPont is participa-
ting actively in the optimization
of bumper systems. Promising
results are coming from tests
with an extruded profile of
DuPont™ Hytrel® thermoplastic
elastomer with an integrated

Fuel Vapor

Fuel Storage

The plastic content of cars today, including components for the powertrain and
fuel line lies at over 15%, with estimates for it to reach 20% by 2012.

impact sensor system extending
over the whole width of the bum-
per. Co-extrudates of Hytrel® in
the front part and stiffer, stronger
thermoplastics in the rear part of
the bumper could also offer cost-
saving solutions.

Engineering plastics remain
key materials

Stricter exhaust gas standards,
more severe requirements in
active and passive vehicle safety,
limited raw materials resources,
a rapidly growing number of
electrical and electronic com-
ponents in cars, and the demand
for weight reduction—all these
factors will continue to determine
the future of automotive design.
This in turn will require materials
with specially adapted property
profiles.

Here, engineering plastics offer
some of the broadest capabi-
lities, and their significance will
continue to grow. DuPont has
anticipated these trends and is
working with its specialists on a
global basis on the application-
oriented development of new
plastics materials.

The plastics content of cars in the
1970s was about 5 %. Today it
lies over 15 %; realistic estimates
point to 20 % plastics content in
five years’ time. With innovative
thinking and the market-oriented
conversion of projects in close
cooperation with OEMs and
systems suppliers, DuPont will
contribute substantially to the
sustained use of plastics in
automotive engineering and, in
doing so, to reaching this figure.



One of the areas of intense development amongst European OEMs is the
Advanced (or Adaptive) Front-lighting system (AFS). The objective is to
provide the driver with the best possible visibility by varying light
distribution over time without dazzling oncoming traffic. In the system
developed by French automotive lighting supplier Valeo, stiff and
hydrolysis-resistant DuPont™ Zytel® HTN PPA is used for the housing of

each headlamp unit.

By Thierry Donis, DuPont Engineering Polymers, France

Valeo, the world leading manu-
facturer of automotive lighting
products, uses DuPont™ Zytel®
HTN PolyPhtalAmide (PPA) for
its Xenon Dynamic Bending
Light (DBL), which is, among
others, available in vehicles
such as the Citroen C4 or the
VW Passat. This adaptive head-
lamp system optimizes illumi-
nation of road curves at night-
time for enhanced road safety
and driver comfort. The hous-
ing for each headlamp unit is
molded from a glass-reinforced

and heat-stabilized grade of
Zytel® HTN PPA, selected for
its resistance to both high
temperatures and humidity
while displaying the excellent
dimensional stability required
for this application.

The adaptive headlamp sys-
tem developed by Valeo consists
of a Bi-Function-Xenon elliptic
projector headlamp, together
with an electronic actuator and
electronic control unit. Controlled
by a microcontroller linked to

the vehicle’s data network, the
system operates the swiveling
of the Bi-Function Xenon lamp
by up to 15° more than the
standard "straight-ahead" posi-
tion. Designed for medium- to
high-speed driving in both
high and low beam mode, the
system doubles the driver’s
visibility distance in road
curves, and maximizes his
forward visibility. Moreover,
the significant increase in
night-time illumination mini-
mizes driver stress and fatigue

The Xenon Dynamic Bending Light
(DBL), from Valeo, optimizes
illumination of road curves at night-
time for enhanced road safety and
driver comfort.

in road curves and at inter-
sections, improving driving
comfort in all weathers and
road conditions.

A cost-effective alternative to
metal, a glass-reinforced and
heat-stabilized grade of
DuPont™ Zytel® HTN PPA was
used to create the headlamp
housing because it offers high
stiffness even at temperatures
of around 150°C, (approxi-
matively 300° F) and hydrolysis
resistance at 130-150 °C (266-
300°F) for 95% RH. The ma-
terial displays low outgassing,
good creep and fatigue resis-
tance, combined with relati-
vely low moisture absorption
and excellent assembly flexi-
bility with regard to the inte-
gration of snap-fits and rivets.

Beyond comprehensive mate-
rial testing, DuPont specialists
in France and at the technical
center in Geneva assisted in
the design and processing of
the injection-molded housing
to help ensure trouble-free
production.

B CONTACT

Valeo

43, rue Bayen

75848 Paris Cedex 17

France

Tel: 43314055 20 20
Fax:+33140552171
www.valeo.com




A three-dimensional blow-molded air duct, used on Volvo trucks with a 12-liter
engine, is currently being produced by Tl Automotive in Norway using an
unreinforced, toughened and heat-stabilized grade of DuPont™ Zytel® nylon. The
duct, which weighs just over two kilograms, is one of the largest blow-molded
parts that DuPont is aware of.

By Murray Smith, DuPont Engineering Polymers, Sweden

The intermediate duct deployed
on the 12-liter engines of Volvo
trucks in the US is used to trans-
port clean air from the air filter
to the turbo-charger. It is thus
exposed to temperatures of
around 140°C (284°F) and
needs to contend with pressure
ranges of between 1.2 and 2
bar charge pressure, as well as
exhibiting resistance to oil,
blow-by gases and fuel. More-
over, parts for truck engines are
required to achieve extended
lifetime requirements of 10,000
hours.

Looking to replace metal for
the duct’s manufacture, thus
reducing its overall weight by
approximately 50 percent, Tl
Automotive, a global supplier of
fully integrated fuel storage
and delivery systems for cars
and trucks, proposed that an
unreinforced, toughened and
heat-stabilized grade of Zytel®
nylon be used to fulfill material
requirements.

Demanding processing condi-
tions were also a factor in
material selection: the complex
shape of the large, curved duct,

approximately 1 meter (just
over 3 feet) long and with a dia-
meter of 13 centimeters (5 inches)
and varying wall thicknesses of
between 4 and 2.55 millimeters
(between 0.15 and o.10 inches),
requires the use of an engin-
eering polymer with good flow
characteristics and low shrink-
age. The ‘parison manipulation’
process was used for its manu-
facture, a technique which is a
development of conventional
blow molding, whereby the
extruded parison is ‘mani-
pulated’ by a combination of
robots and moving mold seg-

The curved air duct, which is approxima-
tely 1 meter long and with a diameter of
13 centimeters, is one of the largest blow-
molded parts that DuPont is aware of.

ments in order to make it con-
form to the 3-dimensional mold
cavity. It was adopted by TI
Automotive for this particular
application in order to achieve
the part’s complex geometry
and enhance mechanical perform-
ance. Parison manipulation pro-
duces scrapless parts, i.e. with
no pinch weld on the finished
part itself, to improve mecha-
nical performance in critical
stressed areas.

"The air duct was first supposed
to be manufactured with a glass-
reinforced polypropylene, but
that material failed during pro-
cessing," explains Kent Aurbakken,
project engineer at TI Automo-
tive in Norway. "Hence we sug-
gested to Volvo that we use
Zytel® nylon from DuPont, a ma-
terial which we believed could
cope with the issues associ-
ated with producing such large,
curved pipes. During the entire
process, DuPont has been very
supportive with the provision
of technical expertise both on
site and from its technical
center in Geneva."

B CONTACT

Tl Automotive — Fuel Systems
Postuttak

2206 Kongsvinger

Norway

Tel: +47 (0)6282 4400

Fax: +47 (0)6282 1411

E-mail:
KAurbakken@no.tiauto.com
www.tiauto.com




DuPont has extended the range of extrusion processes available to its customers.

DuPont has extended the range of extrusion processes available to its customers with the inauguration of a
new multilayer and corrugation extrusion line at its European Technical Center (ETC) in Geneva, Switzerland,
earlier this year. The strategic investment by DuPont marks the company’s long-term commitment to broaden
its material and technical expertise to the growing extrusion sector, whereby the ETC in Geneva will become
DuPont’s new global center of excellence for extrusion technology.

By Ramon Brugada, Extrusion Segment Leader at DuPont Engineering Polymers

Meeting extruder and end-user
demands for material solutions in
the area of high-performance
extruded products, DuPont already
offers one of the widest material
portfolios for extrusion, which
includes its range of semi-
crystalline thermoplastics (acetals,
nylons and polyesters), modified
ethylene copolymers and
fluoropolymers. Much of the
technical support in extrusion,

provided by DuPont to its custo-
mers, comes from the ETC in
Meyrin, where a number of pro-
cesses —including a film and
sheeting line, a tubing extrusion
line, a wire coating line and a
blown-film line — are available for
sample runs and compiling per-
formance data. As a result,
DuPont’s materials are already
being used in different tubing,
hose, wire & cable and profile

applications in the automotive
and industrial sectors, where
customers benefit from numerous
functional and productivity
benefits.

To better understand and assess
new opportunities in extrusion for
its materials, DuPont installed the
new multilayer and corrugation
extrusion line equipment at the
ETC during the first quarter of

2007. Line parameters include a
multilayer head for the extrusion of
tubes with up to three layersand a
diameter of between 4 and 32
millimeters (0.15 and 1.26 inches),
while a corrugator using a vacuum
forming system of up to 0.8 bar,
can produce either monolayer or
multilayer corrugated tubes with
an outside diameter of up to 50
millimeters (1.97 inches). Typical
line speed for corrugation is 5 to 10



The new multilayer and corrugation extrusion line was officially opened at DuPont’s European Technical Center in Geneva during March 2007.

meters (16 to 33 feet) per minute.
The extrusion of monolayer tubes
with an outer diameter of 10
millimeters (0.39 inches), and at a
speed of 60 meters (197 feet) per
minute, is also possible on the
same line.

New development opportunities
for DuPont materials include
multilayered extrusion, where
different material combinations
provide diverse properties to meet

Extrusion
solutions

DuPont™ETPV

DuPont™ Hytrel®
DuPont™ Pipelon®
DuPont™ Zytel®6 (modified)
DuPont™ Zytel® 66
DuPont™ Zytel® 612 & 610
DuPont™Delrin®

DuPont™ Crastin®

Hoses

an application’s specific require-
ments, or corrugated sections to
meet flexibility requirements for
simpler installation and packaging
efficiencies. In some cases both
multilayered and corrugated
extrusions are required. Indeed
one prototype application, already
developed on the new line, is a
part-corrugated, multilayered
coolant pipe, extruded in DuPont
Zytel® nylon and DuPont™ Bynel®
adhesive resin as a cost-effective

Tubing  Oil/Gas  Monofil

piping

alternative to rubber. The inte-
gration of corrugated sections in
the pipe facilitates its installation in
the tight spaces of the engine
compartment, while the outer layer
of Zytel® ensures the pipe’s
mechanical stability and the inner
layer of Bynel® reduces its
permeability to water-glycol and
increases its hot water resistance.

Serving as a focal point for
DuPont’s extended capabilities in

Profiles  Cables Mandrels

DuPont offers one of the widest material portfolios for extrusion, which includes its range of semi-crystalline thermoplastics.

extrusion for its range of polymer-
based materials across three of its
businesses - DuPont Engineering
Polymers, DuPont Packaging &
Industrial Polymers and DuPont
Fluoropolymers — the ETC in
Switzerland has been appointed
the company’s new center of
excellence, serving the extrusion
needs of customers across the
globe.

According to Christophe Chervin,
European extrusion technology
leader at DuPont, "the new line
helps us identify new opportuni-
ties in extrusion with our materials
in the areas of coolant pipes and
degassing tubes, blow-by tubes,
servo-brake vacuum tubes, fuel
vent tubes, or mandrels to name a
few. The strategic investment in
our capabilities in Geneva reflects
our long term commitment to
growth in the extrusion sector,
better service for our customers
and the more rapid availability of
our products."



After more than a decade of cooperation between
the two companies, Mario Di Filippo, principal of
Stylus Design (Asolo, Italy) is an enthusiastic
proponent of engineering polymers from DuPont.
His industrial design agency, which he founded in
1995 together with creative director Peter Edauw,
has a core business of designing and developing
new products for the intemational sports and leisure
industries. His experience with DuPont materials
can therefore be seen as testimonial to their offering
in a highly competitive and demanding segment.

An interview with Mario Di Filippo, principal of Stylus Design, Italy

Mario Di Filippo, principal of Italian company Stylus Design is an enthusiastic proponent of DuPont materials.

E.D.: When did you first
"'discover"' engineering polymers
from DuPont?

M.D.F.: | believe my very first
approach to DuPont was in 1989,
when we adopted the super-tough
nylon DuPont™ Zytel® ST 801 for the
design of ice skate frames. No
other material seemed to be able
to deliver similar confidence levels,
given the harsh operating tem-
perature these products must
survive. We've been working for
the ice skate industry since, and
little has changed as regards our
opinion of this material for this kind
of application.

In terms of a defining moment for
the cooperation between Stylus
and DuPont, | would look back to
1995, when we were engaged on a
truly innovative project for the
inline skate industry. The develop-
ment of the Hypno skate, an inline
skate with a detachable wheel
frame, presented us with a number
of design issues:

To start with, the simple mecha-
nical concept we had developed - |
say simple because weight and
user interface were of key impor-
tance —was subjected to extremely
complex forces be-

cause it relied on the

elasticity of its

components.

Secondly,

the variety of

skating styles

catered for by the

product, and the human

factor in general, presented us

a set of variables which went well
beyond any reasonable level of
predictability at the design
phase. Initial research led us to
consider DuPont materials for two
key parts: DuPont™ Delrin® acetal
resin for a pivoting spring linkage
between the wheel frame and
locking lever, and Zytel® nylon for
the wheel frame itself.

With DuPont's technical support
we were able to reduce some of
the above-mentioned variables to
a point which allowed us to
approach the development pro-
cess with a higher degree

of confidence in our

decisions.

Super-tough

Zytel® ST 8o1 nylon

was used by Peter Edauw of
StylusDesign for the frame of the Easy
Glider in 1989.

As it turned out, the product suc-
ceeded and earned an honorable
mention in an international design
competition, proving us right in the
choice of materials, among other
things.



E.D:

What

optionsdo
engineering
polymers
provide when you
areapproachinga
design task?

M.D.F.: With a focus on
mass-produced consumer
goods, both integration and
productivity are a priority for us.
As a result we find ourselves
looking to re-design objects so that
they can be injection-molded using
polymers. Hence we consider
them to play a crucial role in our
work, because they have created
space for reinvention. Reinvention
generates new standards in
product categories, which in turn
can bring freshness and new
opportunities to the markets for
these products.

E.D.: Which is your favorite
DuPont engineering polymer to
work with?

M.D.F.: A tricky question... what |
can say is that in any design project
we are involved with, at some
point, the words Zytel®, Delrin® and
Hytrel® will probably get men-
tioned by at least one of the parties
involved. Personally, given the
fields we work the most in, | like the
idea of plastics workingina

The Hypno skate, an inline skates with a detachable wheel frame which
featured both Delrin® and Zytel® for key parts, went on to receive international

acclaim.

dynamic sense, so | often find
myself bending and twisting a
piece of either one or the other
material between my fingers, trying
to imagine what function it could
perform.

E.D.: When you look to integrate
engineering polymers in your
work, do you consider primarily
function or aesthetics, or both?

M.D.F.: Our legacy in performance
products has brought us to de-
velop what we have reason to
believe is quite a unique approach
to function and aesthetics, seen
both individually and combined.
It goes without saying that a
product must perform its function
flawlessly.

However, in a competitive
marketplace where function alone
is not a distinguishing factor,
aesthetics must be given equal
significance. DuPont engineering
polymers help achieve this
balance, as they provide solutions
in terms of surface-finish and
decoration, for example, which go
beyond the ‘static’ value of the
molded piece of plastic.

E.D.: What do you think the
future holds for plastics -
how is the design world

changing its opinion?

M.D.F.: There's a lot

going on in the world right

now in terms of fossil fuels

and raw materials which play
key roles in the production of
plastics. From our modest vantage
point, I'm excited to see how
DuPont is pursuing ‘new’ plastics
derived from corn sugar, as | am
also interested in seeing innovative
applications involving

recycled material or the com-
pounding of plastics with wood or
fabrics, among other fillers. | have
noticed many new applications in
polymers — even in construction,
where ‘steel and stone’ are still
king — even if some of these so-
called ‘innovative’ products have
been solely ‘translated’ from their
origins, rather than being re-
invented to take into account the
added potential that plastics and
injection molding can provide.

B CONTACT

Stylus Design

via Forestuzzo, 44

31011 - Asolo (TV)

Italy

Tel/Fax:+39 (0)423 950794
E-mail: mail@stylus.it
www.stylusdesign.com




For the first time, heat-resistant DuPont™ Zytel® HTN semi-aromatic
polyamide has been used to cover the induction heating coils of a new IH
cooking range from Hitachi Appliances, Inc. in Japan. The revolutionary
range responds to most types of metal cooking vessels by producing high
levels of heat for safe, reliable and energy-efficient cooking.

By Ryuta Sato, DuPont Engineering Polymers, Japan

Cooking with induction heat (IH)
has caught the attention of
Japanese consumers, as well as
others around the world, in a big
way. They are attracted to the
appliances for the perceived
environmental benefits of using
electricity over gas, for the safety
benefits of the less intensely hot
cooking surfaces and for the
substantial increase in heating
efficiency versus gas stoves.

The primary element of an
induction range is a powerful,
high-frequency electromagnetic
coil, powered by sophisticated
electronics in the element under
the unit's glass-ceramic surface.

When electric current passes
through the coil, a magnetic field
produces an eddy current in the
cookware. The cookware's internal
resistance against these eddy
currents produces heat, which is
generated in the cookware and
not on the range itself. A previous
limitation of earlier induction
ranges, however, was that the low
electrical resistance of aluminum
and copper cookware had pre-
vented their use.

Hence Hitachi Appliances in Japan
focused its technical expertise on
manufacturing IH cooking ranges
that could handle pots and pans
made from alternative metal
substrates. It was discovered that
resistance increases when an
electric current is focused on the
surface of the cookware and the
current's path is narrowed. The
solution, therefore, was to
increase the power of the coils.
The new series of IH cooking
heaters has three newly-designed
elements, capable of producing
2.6 kKW of thermal energy — higher
than the rating of many gas-
cooker burners. In order to in-
crease power output, the number

A black cover made of Zytel® HTN
protects components of the cooking
range from heat radiated by the coil
rings.

of coil rings has been increased by
30 percent versus previous
models, despite a more compact
design.

The coils are covered with DuPont™
Zytel® HTN semi-aromatic polya-
mide, chosen for its high heat de-
flection temperature (up to 283°C
or 541°F) and retention of dielectic
strength over a wide temperature
range. "The higher the thermal
energy generated, the greater the
high temperature performance re-
quired of the material used to pro-
tect components from the radiated
heat," explains Mr. Otomo, senior
engineer at Hitachi Appliances Inc..
"In contrast to the thermoset mate-
rials previously used, Zytel® HTN is
exceptionally easy to injection-mold
to our requirements, and thus it re-
ceived an excellent rating from us
for this application." A further be-
nefitto be gained from the switchto
thermoplastics from DuPont is the
elimination of burr-removal —an
operation required after pressing
with thermosets — from the manu-
facturing process, and thus a re-
duction in production costs.



EUROPE/MIDDLE EAST/AFRICA

Belgique / Belgié

Du Pont de Nemours (Belgium)
Antoon Spinoystraat 6

B-2800 Mechelen

Tel. +32154414 11

Telefax +32 1544 14 09

Bulgaria

Serviced by

Biesterfeld Interowa GmbH & Co. KG.
See under Osterreich.

Ceska Republika a
Slovenska Republika

Du Pont CZ, s.r.o.

Pekarska 14/268

CZ-15500 Praha 5— Jinonice
Tel. +42257 4141 11

Telefax +42 257 41 41 50-51

Danmark

Du Pont Danmark ApS
Skjatevej 26

P.0. Box 3000

DK-2770 Kastrup
Telefax +45 32 47 98 05
Telefax +45 32 47 98 05

Deutschland

Du Pont de Nemours
(Deutschland) GmbH
DuPont StralRe 1
D-61343 Bad Homburg
Tel. +496172870
Telefax +49 617287 27 01

Egypt

Du Pont Products S.A.
Bldg no. 6, Land #7, Block 1
New Maadi

ET-Cairo

Tel. +202 754 65 80

Telefax +202 516 87 81

Espafia

Du Pont Ibérica S.A.
Edificio L'llla

Avda. Diagonal 561
E-08029 Barcelona
Tel. +34 227 60 00
Telefax +34 227 62 00

France

DuPont de Nemours (France) SAS
Défense Plaza

23/25 rue Delariviére Le Foullon
Défense 9

92064 La Défense Cedex

Phone: +33 (0)1 4197 44 00
Telefax +33 147 53 09 67

Hellas

Biesterfeld Hellas Intralink S.A.
Trading Establishment

149, AG. Triados Menidi Acharnes
GR-13671 Athens

Tel. +30 210 24 02 900

Telefax+30 210 24 02 141

Israél

Gadot Chemical Terminals (1985) Ltd.
16 Habonim Street

Netanya — South Ind. Zone
IL-42504 Netanya

Tel. +972 3 526 42 41

Telefax +972 3528 27 17

Italia

Du Pont de Nemours ltaliana S.r.L.
Centro Direzionale “Villa Fiorita”
Via Piero Gobetti, 2/A

20063 Cernusco s/N (MI)

Tel. +390292629.1 (switchboard)
Fax +39 02 36049379

Magyarorszag

DuPont Magyarorszag Kft.
HU - 2040 Budadrs
Neuman J.u. 1

Tel. +36 23 509 400
Telefax: +36 23 509 432

Maroc

Deborel Maroc S.A.

40, boulevard d'Anfa —10°
MA-Casablanca

Tel. +212227 4875
Telefax +212 226 54 34

Norway / Norge
Distrupol Nordic
Ostenssjoveien 36
N-0677 Olso

Tel. +47 2316 80 62
Telefax +47 23 16 80 62

Osterreich

Biesterfeld Interowa GmbH & Co. KG
Braduhausgasse 3-5

P.0.Box 19

AT-1051 Wien

Tel. +4315123571-0

Fax +4315123571-31

e-mail: info@interowa.at

internet: www.interowa.at

Polska

Du Pont Poland Sp.z 0.0.
ul. Powazkowska 44C
PL-01-797 Warsaw

Tel. +48 22 320 0900
Telefax +48 22 3200910

Portugal

Biesterfeld Iberica S.L.
Rua das Matas
P-4445-135 Alfena

Tel. +351 229 698 760
Telefax +351 229 698 769

Romania

Serviced by

Biesterfeld Interowa GmbH & Co. KG.
See under Osterreich.

Russia

DuPont Russia LLC.
ul. Krylatskaya 17/3
121614 Moscow
Tel. +7 495797 22 00
Fax. +7495797 2201

Schweiz / Suisse / Svizzera
Biesterfeld Plastic Suisse GmbH
Dufourstrasse 21

Postfach 14695

CH-4010 Basel

Tel. +41 61 201 31 50

Telefax +41 61201 31 69

Slovenija

Serviced by

Biesterfeld Interowa GmbH & Co. KG.
See under Osterreich.

Suomi/ Finland

Du Pont Suomi Oy

PO Box 54 (Keilaranta 12)
FI-02150 ESPOO

Tel: +358 207 890500

Fax: +358 207 890501

Sverige

Serviced by

Du Pont Danmark ApS.
See under Danmark.

Tiirkiye

Du Pont Products S.A.
Buyukdere Caddesi No. 122
Ozsezen Ismerkezi, A block, Kat: 3
Esentepe, 34394 Istanbul

Tel. +90 212 340 0400

Telefax +90 212 340 0430

www.plastics.dupont.com

Ukraine

Du Pont de Nemours
International S.A.
Representative Office

3, Glazunova Street

Kyiv 252042

Tel. +380 44 294 96 33/ 269 13 02
Telefax +380 44 269 11 81

United Kingdom

Du Pont (UK) Limited
Wedgwood Way
Stevenage

Hertfordshire SG14QN
Tel. +44 1438 734000
Telefax ++44 1438 734109

South Africa

DuPont de Nemours
Societe Anonyme

South African Branch Office
4th Floor Outspan House
1006 Lenchen Avenue North
Centurion

Pretoria 0046

Tel. +27 0 12 683 5600
Telefax +27 0 12 683 5661

NORTH AMERICA

USA

DuPont Engineering Polymers
Barley Mill Plaza, Building 26

P. 0. Box 800026

Wilmington, Delaware 19880
Tel. +1.302 992 4592

Telefax +1302 992-6713

DuPont Automotive

950 Stephenson Highway
P.0.Box 7013

Troy, M1 48007-7013

Tel. +1 248 583-8000

Canada

DuPont Engineering Polymers
P.0. Box 2200

Streetsville, Mississauga
Ontario, Canada L5M 2H3
Tel. +1 905 821-5953

Mexico

DuPont S.A. de C.V.
Homero 206

Col. Chapultepec Morales
11570 Mexico D.F.

Tel. + 525 557 221 000

SOUTH AMERICA

Argentina

Du Pont Argentina S.A.
Avda. Mitre y Calle 5
(1884) Berazategui-Bs.As.
Tel. +54 11 4239-3868
Telefax +54 11 4239-3817

Brasil

DuPont do Brasil S.A.

Al Itapecuru, 506 Alphaville
06454-080 Barueri-Sao Paulo
Tel. + 5511 7266 8229

ASIA-PACIFIC

Australia

DuPont (Australia) Ltd.
168 Walker Street

North Sydney NSW 2060
Tel: +612 9923-6111

Fax: +612 99236011

Hong Kong/China

DuPont China Ltd.

26/F, Tower 6, The Gateway,

9 Canton Road

Tsimshatsui, Kowloon, Hong Kong
Tel: +852 2734 5345

Fax: +852 2724 4458

Shanghai/China

DuPont China Holding Co. Ltd.
15/F., Shui On Plaza

333 Huai Hai Road (Central)
Shanghai 200021

Tel: +86 21 6386 6366

Fax: +86 21 6386 6333

India

E.I. DuPont India Limited,
"Arihant Nitco Park" Sixth floor,
90, Dr. Radhakrishnan Salai,
Mylapore,

Chennai 600 004

Tel: +91 44 28472800

Fax: +91 44 28473800

Japan

DuPont Kabushiki Kaisha
Sanno Park Tower, 11-1
Nagata-cho 2-chome
Chiyoda-ku, Tokyo 100-6111

Japan.
Tel: +813 5521 8500
Fax: +81 35521 2595

Korea

DuPont (Korea) Ltd.

4/5 Floor, Asia Tower

#126, Yeoksam-dong, Kangnam-Ku
Seoul 135-082

Tel: +822 2222-5200

Fax: +822 2222-5470

Singapore

Du Pont Company (S) Pte Ltd
1 HarbourFront Place #11-01
HarbourFront Tower One
Singapore 098633

Tel: +65 6586 3688

Fax: +65 6272 7494

Taiwan

DuPont Taiwan Ltd.

Hung Kuo Building, 13th floor
#167 Tun Hwa North Road
Taipei 105

Tel: +8862 2719-1999

Fax: +8862 2719-0852

Thailand

DuPont (Thailand) Limited
6-7th Floor, M. Thai Tower
All Seasons Place

87 Wireless Road
Lumpini, Phatumwan
Bangkok 10330

Tel: +66 2 659 4000

Fax : +66 2 659 4001
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